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PROPERTIES DF URANIUM AND 
ITS DISTRIBUTION IN NATURE 
1.0 INTRODUCTION 
Trace quantities of uranium are found to be present in every natural 
substance even in our food and drinking water and other edible materials. The 
Solid State Nuclear Track Detectors abbreviated as SSNTDs provide a very 
useful technique for determination of trace quantities of uranium by registering 
the tracks of fission fragments. These fission tracks are produced as a result 
of U^ '^ (n,f) reaction induced in the sample containing very low uranium 
concentration. 
Before we discuss the technique and the results of our investigations 
using this technique for uranium analysis it is essential to describe briefly 
about uranium, its occui^ence and distribution in nature. 
1.1 PROPERTIES OF URANIUM AND ITS OCCURRENCE 
The element uranium has atomic number 92, atomic mass 238.0289, 
melting point 1132.3 ± 0.8"C and boiling point 3 818°C. The .elemental form 
of uranium is unstable in the geological realm. It is a heavy, silvery white 
metal which is pyrophoric when finally divided. It is a ductile and malleable 
metal with a density of 19.04 gm/cc and Brinell hardness of 187 (< glass) at 
room temperature. Metallic uranium exhibits phase transitions at 660"C and 
770"C. Uranium is a poor conductor of electricity, slightly paramagnetic and 
is unstable due to spontaneous chemical and nuclear reactions. The metallic 
properties of uranium have little economic use, however its nuclear properties 
are exploited in radiation therapy, commercial and military power sytems and 
military ordinance. Uranium salts are used as colourants in ceramics. It has 
also found use in inertial guidance devices, gyro compasses, counterweights 
for targets for production of high energy X-rays. Its nitrate has been used 
as photographic toner wiiile the acetate is used in analyical chemistry. 
(Morgan, 1986). 
Uranium is now recognised as an ubiquitous element. It is uniquely 
important element because it is the parent nuclide in several cosmo-
chronological schemes and because it is the heaviest naturally occurring 
element, which makes its abundance of significance to the various models of 
nucleo synthesis. Uranium displays five positive oxidation states +2, +3, +4, 
+5 and +6. The valence states +4, +5 and +6 are relatively stable in aqueous 
solution. In natural settings, uranium is generally present in the +4 and +6 
states. The hexavalent state is the important one in water because almost all 
tetravalent compounds are practically insoluble. 
Uranium has fourteen radioactive isotopes.The naturally occurring 
uranium has three isotopes with conventional abundance [U""* (0.0054%, 
U"5 (0.712%) andU"«(99.2%)]. U^^ a^ndU '^^  decay in a series of steps to yield 
ultimately Pb^ "^  and Pb '^'^  Some intermediate isotopes particularly Ra"^ , 
Rn"^ and Bi^ '^' are of interest in geochemical prospecting. U^ ) oxidation 
state of uranium may be present in some natural waters and in other 
environmental samples with a low oxidation potential. The most stable 
oxidation state under oxidizing conditions is the hexavalent state as the 
uranyl ion {UO^f\ 
The principal oxide of interest in geochemistry is the dioxide, UO ,^ 
which is known in two forms as uraninite and pitchblende. The ideal 
composition of uraninite and pitchblende is UO^, but in all known occurrences 
some of the U** is oxidized to U** probably as a result of nuclear disintegration 
which releases free atomic oxygen in the lattice as the uranium passes into 
radon and the radioactive inert gas. (Boyle, 1982). 
The most common natural water soluble salts of U*"^  are the chloride 
and sulphate, both of which exhibit a moderate degree of hydrolysis. The 
common natural water soluble salts of UO^ "^^  are the nitrate, chloride, 
acetate, sulphate, and carbonate, all of which show a lower degree of 
hydrolysis. Uranium (U'^ '*) hydroxide, [UOH^]n, or more specifically hydrous 
uranium dioxide, UO^nH^O, has colloidal properties and can be precipitated 
or coagulated as a gel. Since both the U'*^  and UO^^ ^ have relatively large 
size and high charge density, they are strongly absorbed by a large number of 
natural organic and inorganic substances including the gels of hydrous iron 
and manganese oxides, silica-alumina gels, hydrous zirconia (zirconium 
hydroxide), hydrous titania (titanium hydroxide) and molybdate gels, clay 
minerals and clay humic-humic complexes, zeolites and humic substances. 
1.2 THE ABUNDANCE AND DISTRIBUTION OF URANIUM 
Uranium is present in almost everything in our natural surroundings 
in varying proportions. It has wide-spread occurrence in minute amounts in 
almost all minerals, rocks, sand, soil and water etc. Approximate ranges of 
uranium concentration in various materials are discussed here. 
1.2.1 Occurrence of Uranium in Rocks 
In rocks, the uranium is present in numerous forms, principally as a 
constituent of accessory minerals such as allanite, uraninite, zircon, monazite, 
xenotime, sphene, anatase, rutile, hematite, and pyrochlore; also in 
substitutional sites on the various rock minerals, particularly feldspars, 
chlorite, biotite, amphiboles, pyroxenes, epidote, fluorite and apatite in 
which the uranium substitutes mainly for calcium; associated with the 
various colloidal and carbonaceous substances in sediments; and adsorbed or 
present in minute»in mineral grains such as uraninite or crystallographic, 
interstitial and small fissures, fractures, and other discontinuties on rocks. 
The last two modes of occurrence are generally the source of the readily 
leachable uranium in rocks. 
Uranium exists in the U*" state under most magmatic conditions and 
appears in igneous rock suits as an oxyphile element. The occurrence of 
primary uranium minerals in igneous rocks is partially controlled by the 
oxidation state of uranium in the melt. Uranium (U*'*) compounds are 
insoluble in water and crystalized as primary minerals from wet granite 
magmas. Under oxidizing conditions, as in near surface environments, 
uranium exists in the U"^ " state. This state produces soluble complexes which 
are highly mobile and unlikely to sustain crystal growth. Significant amounts 
of uranium are superficially incorporated within some igneous rocks due to 
its leaching action. Uranium minerals are chemically weathered in humid 
climates to soluble U*'' complexes and removed by river water. Under arid 
conditions uranium forms the complexes such as oxides, hydroxides, 
sulphates, carbonates, phosphates, vanadates, and arsenates. In the sea, 
uranium remains soluble as carbonate and other complexes. Methods of 
removal includes adsorption on clays, substitution for calcium in authigenic 
apatite, complexing by humic and sapropelic matter, and incorporation in 
skeletal materials of organisms. The uranium content in the accessible 
lithosphere has been found to be about 2.8 ppm, but it varies widely in 
different types of rocks (UNSCEAR, 1966, 1972). 
Igneous rocks having excess silicic acid (persilicic rocks) are found to 
contain significantly higher proportions of uranium than subsilicic rocks. 
The variation of uranium content alongwith SiO, content is shown in the 
Table 1.1. The best available estimate of the mean uranium content in the 
surface of the earth's crust is 4 |Lig/gm. of rock. The variation of U-content in 
normal rocks lies between about 0.2 |ig/gm and 25|ig/gm. The abundance of 
certain metallic elements such as Cd, Bi, Hg and Ag, in rocks, which are not 
excessively rare at present in the earth's crust is much smaller than uranium 
(Hevesy et.al., 1930; 1932, Goldschmith, 1932). 
The mean concentration of uranium found near the surface can be 
considered typical of the earth's crust as a whole since the upper part of the 
crust probably is enriched in uranium. Uranium is known to occur 
preferentially in persilicic igneous rocks. Since, the main components of the 
deeper regions of the earth's crust are comparatively poor in silica, uranium 
Table 1.1 
Variation of U-Content with SiO *^ 
Type of rock 
Granite 
Granodiorite 
Diorite 
Central basalts 
Continental 
Oceanic 
Plateau basalt 
Gabbro 
Eclogite 
Peridotite 
Dunite 
*Hevesy(1932) 
SIOj (approx. 
70 
66 
60 
50 
-
-
-
50 
-
43 
40 
% ) Uranium (lO-^gmll/giii) 
9.0 
7.7 
4.0 
4.0 
3.5 
3.6 
2.2 
2.4 
1.0 
1.5 
1.4 
would be expected to occur less abundantly there than near the surface. This 
may also be clear by the analysis of the thermal balance of the earth. 
Radioactive disintegration produces heat. If it is assumed that the radioactive 
elements like uranium and thorium are present in concentration found near 
the surface of the earth down to a depth of 16 km and potassium is distributed 
uniformly in the whole lithosphere, the heat produced by radioactivity would 
offset all the heat losses caused by thermal radiation from the earth into 
space. If significant amount ofuranium or thorium existed below this depth, 
the fact that the earth is in an approximately steady thermal state would 
become incomprehensible (Holmes, 1926a,b) since the bulk of uranium 
content is assumed within a depth of 16 or 20 km down to a depth of 40 to 
48 km, which is the assumed thickness of the lithosphere. 
The estimated weight of the earth crust to a depth of 20 km is about 
3.25 x 10'^ tons. If it is assumed that the estimated value of average uranium 
concentration in the earth's crust is 4 |xg/gm, the weight of U-content in this 
earth crust comes to be 1.3x10'^  tons. The main quantity ofuranium is present 
in the silica-rich igneous rocks that comprise the continental shields. Only 
relatively a small quantity of U-content are present in the subsilic type 
igneous rocks that forms the floors of the oceans. 
Igneous and metamorphic roks constitute 95% of the weight of the 
outerl6 km of the earth's crust. The sedimentary rocks (i.e. shales) make up 
the balance. Except for cornotites of Colorado and Utah, the sedimentary 
rocks appear to contain much less uranium than the igneous rocks. Some 
approximate abundances ofuranium in some sediments is as follows,(IAEA, 
8 
1980): normal shales contain 4.0 ppm (1300 pCi U^^'/kg), Limestones have 
2.0 ppm (660 pCi U"* /kg) of uranium and black shales shows 8.0 ppm (or 
2600 pCiU"" /kg) to 250 ppm. 
Although uranium is considered as a rare element, it has widespread 
occurrence throughout the earth's crust than other toxic elements such as Sb, 
Cd, Bi and Hg. Acidic rocks with a high silicate content such as granite have 
above average concentration of uranium, whereas the levels in basic rocks 
such as basalts are lower than average. Although uranium and thorium are 
more abundant in acidic than in basic rocks, but theU/Th ratio has been found 
to be nearly constant in common igneous rocks when expressed as the U"V 
Th-'- activity ratio (UNSCEAR, 1977). It is approximately 0.7 for acidic 
ingeous rocks (i.e. granite). However, 90% of the world's known uranium 
resources are conglomerates and sandstones, (Kirk-Othmer, 1978). Marine 
black shales, phosphate rocks, lignites and coal contain significant quantities 
of uranium but not enough for economic recovery. 
Average abundance of uranium in different rocks and sediments are 
shown in Table 1.2 (IAEA, 1980). Kleeman et. al. (1969) found 300 ppb 
uranium in clinopyroxenes. Several types of terrestrial ultramafic rocks for 
U-content were studied by Fisher (1970b) who found the values in the ppb 
range. Haines and Zartman (1973) determined the U distribution in 5 
herzolite and 1 harzburgitexenoliths, taken to represent both sub-continental 
and suboceanic localities. The concentrations of 24-44 ppb were found in 
the Iherzolite and 80ppb in the harzburgite, with the most of U being 
distributed uniformly within the major phases, the remainder being mostly in 
Table 1.2 
Average Abundance of Urnaium in Different Rocks 
and Sediments''' 
Rocks and Sediments 
Mafic Igneous Rocks 
(basalts, gabbros) 
Intermediate Igneous 
(diorites) 
Acid Igneous Rocks 
Granodiorites 
Granites 
Sediments 
Normal shales 
Lime stone 
Black shales 
Uranium 
Concentration 
1.0 
Rocks 2 0 
2.6 
4.7 
4.0 
2.0 
8.0 
Activity 
PCi U^"/kg 
330 
660 
860 
1600 
1300 
660 
2600 
Bq/kg 
24.8 
49.6 
64.5 
116.5 
99.2 
49.6 
198.3 
•IAEA (1980) 
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glassy or microcrystalline veins. The partition coefficients estimated by 
Haines & Zartman, (1973) and that by Kleeman et. al. (1969) were found 
variable implying that the observed concentrations have in some way been 
altered from those established under conditions of chemical equilibrium. 
Aumento and Hyndman (1971) measured the U distribution in twenty 
serpentinized ultramafic rocks from Mid-Atlanthic ridge and suggested 
original values of 100-500 ppb. 
Berzina et. al. (1970) quote the data on the distribution of uranium in 
Cenozoic basaltoids. They conclude uniform uranium contents in the matrix, 
a two order of magnitude decrease in the phenocrysts and a specific correlation 
between uranium content and estimated depth of magmatic origin. Komarov 
and Skovorodkin (1969) found 1-10 ppb in ultramafic rocks and showed the 
increased uranium values caused by contamination. 
Phosphate rocks which are used extensively as a source of phosphrous 
in fertilizers can have uranium as high as 0.12 mg/gm, (or 120 ppm) (Rossler 
et.al., 1979). Menzel,(1968) described that the transfer of uranium, radium, 
and thorium in fertilizers produced from phosphate rocks caused radiation 
hazards. As uranium exists in phosphate deposits, it can come from tailings 
and phosphate deposits as well as run-off from phosphate fertilizers (Spalding. 
1972). Generally average fertilizers can have concentration of uranium 
about 100 ^ig/gm. The uranium concentrations in phosphate minerals from 
florida are also reported in the following ranges : Central Florida 20.2 - 83.4 
pCi/g,NorthHorida4.5- 11.4 pCi/g (Rossler, 1979). The uranium content of 
the fertilizers made by mixing phosphoric acid and materials hke lime or soda-ash 
11 
is 25.3 pCi/g and 26.0pCi/g (Spalding, 1972a). The range of abundance of 
uranium in natural materials is shown in Table 1.3. Meteorites generally have 
low level of U-content. Study on a few chondrites shows an "average 
uranium abundance of l lppb" (Hamaguchi et. al.,1957; Reed et. al., 1960). 
Fisher (1972) applied homogenized Plastic Track Analysis (PTA) technique to 
study the common class of chondrites and found the results shown in Table 
1.4. Further in 1973, Fisher provided data in good agreement with an 
independent activation study (Morgan and Lovering,1973), considering the 
heterogeneous distributions of uranium in achondrite$and established whole 
rock averages for 22 achondrites. 
Stony meteorites which are called "aerolites" ha\ e less SiO, than even 
the highly subsilicic terrestrial rocks. It is found that one gram of aerolite 
contaiij; only about 3.6 x 10"^ gm of uranium which is the average value based 
on analysis of 20 aerolites. This confl'rms that subsilicic terrestrial rocks in 
general have a low uranium content. The U-content of iron meteorites 
(siderites) is even smaller. It has been established that one gram each of 
meteorites contains on the average 9 x 10'* gm of uranium i.e., only about 
0.5%of the average uranium content of igneous rocks. This is in agreement 
with our knowledge of the geochemical distribution of uranium too, since the 
iron core of the earth is probably almost free of uranium. The relatively large 
helium content of meteorites has been attributed in part to the nuclear 
disintegration of uranium and thorium by cosmic radiation (Bauer, 1948). 
The concentration of uranium in a few ores is in the range of 40-60% 
(or 400,000-600,000 ppm). In economically viable uranium ores, the 
12 
Table 1.3 
Range of U-Content in Some Natural Materials* 
Materials 
Cosmos 
(Y model) 
Meteorites 
Stony achondrites 
Stony chondrites 
Irons 
Telctites 
Igneous Roclu 
Ultramafic (dunites and peridotites) 
Mafic (gabbro and diabase) 
Intermediate (diorite and quartz diorite) 
Sialic (granite, syenite and monozonite) 
Pegmatites 
Sedimentary Rocks 
Black shales 
Red, gray and green shales 
Orthoquartzite 
Limestone and dolomite 
Bentonite 
Bauxite 
Halite 
Anhydrite 
Metamorphic Rocks 
Marble 
State 
Phyllite 
Schist 
Gneiss 
Amphibolite 
Granulite 
Reported Concentration Ranges (ppm) 
0.01-0.1 
(0.054) 
0.15-14.5 > 
0.62 - 2.8 X 
<0.003-1.7 
1.2-3.0 
0.001 - 0.8 
0.3-3.4 
0.1 -11 
0.15-21 
1.0-4.0 
3-250 
1.2- 12 
0.2 - 0.6 
0.1 -9.0 
1 -21 
3 -27 
0.01 - 0.02 
0.25 - 0.43 
0.11 -0.24 
1.2-6.1 
1.0-2.7 
1.8-2.9 
4.5- 15 
2.6-4.1 
3.2 - 7.0 
:10-2 
10-2 
X 1 0 -
median (0.5) 
median (1.7) 
median (3.9) 
median (8) 
median (3.2) 
median(0.45) 
median (2.2) 
median (5.0) 
median (8.0) 
median (0.013) 
median (0.37) 
•Fairbridge, 1972. 
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Table 1.4 
Uranium Average Abundances in Meteorites'^  
Meteorite Class 
Chondrites 
Hypersthene 
Bronzite 
Amphoterites 
c, 
c. 
C3 
Achond rites 
Enstatite 
Hypersthene 
Basaltic 
Eucrites 
Howardites 
No. of Meteorites 
No. of Analysis 
45/178 
23/121 
16/43 
4/36 
8/33 
3/13 
4/24 (2/7) 
2/4(1/2) 
2/13(2/4) 
11/73(5/12) 
5/13(3/6) 
Avg. U (10^' g/g) 
16 
13 
16 
11.5 
12.5 
19 
11(4.8) 
2(1.6) 
11 (11.5) 
115(160) 
78 (53) 
*Fisher(1972). 
Note : Values in the parenthesis are activation analysis values by Morgan and 
Levering (1973). 
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concentration of uranium ranges much higher i.e. from 100 ppm - 3000 ppm. 
About 100 mineral species contain 1 % or more and the average concentration 
of uranium in the earth's crust is 4 x 10"*% (Hursh, 1973). In few uranium 
minerals such as pitchblende samples, the uranium has been found in an 
almost pure state (72% of U^O )^ in lenses or veins (IAEA, 1980, Hardy, 
1978). 
1.2.2 Uranium in Fossils of Archaeological and Anthropological Samples 
Determination of uranium distribution in shells and bones is 
necessary in order to evaluate models for dating such samples that are not 
ideal closed systems. The fission track method of uranium mapping is ideally 
suited to this problem. Szabo et. al. (1970) found that the uranium was 
distributed uniformly throughout fossil shells and bones, independent of age. 
uranium content or departure from closed system requirements. However, 
they found that organic -rich layers may contain roughly double the amount 
of uranium than found in organic poor layers. 
Lahoud et. al. (1966) found that internal and external surfaces of 
mollusk shells contain more uranium than does the interior. Omura et. al. 
(1973) found distinctly heterogeneous distribution of uranium in both fossil 
and present day specimens of a particular bivalve (Tridasna Crocea) from the 
Ryukyu Islands. Schroederet. al. (1970) using biological process also found 
considerable intraskeletal heterogeneities in corals and mollusks. The 
distribution could therefore be expected to change drastically under diagenetic 
15 
influences. 
Zimmerman (1971) measured concentrations of uranium in eight 
ancient potsherds and found great heterogeneities. Several grains were also 
found to have 100-3400 ppm uranium. It has also been pointed out that the 
uranium content of fossil bones which have been exposed to groundwater 
will increase as a function of age, and also as a function of the ambient 
conditions (Oakley, 1963). 
1.2.3 Abundance of Uranium in Living Matter 
Uranium is a constituent of livingmatter (the "biosphere" in Vernadsky's 
terminology). Universal distribution of uranium in plants and animals have 
a biological significance. Uranium appears to be a normal component of 
protoplasm (Diobkov. 1937). It has been found that uranium occurs there in 
concentrations varying from 10"* to 10 ' '% by weight (Hoffmann, 1941a: 
1942b,c; 1943a.b). The fixing of uranium by algae may have had some 
significance in the formation of certain uranium deposits (Hoffmann, 
1941b). 
1.2.4 Uranium in Atmosphere 
The main natural source of uranium in the atmosphere has been 
assumed to be the resuspension of dust particles from the earth. The activity 
concentration of \J--'*' in the ground level air for a dust loading of about 50 
\igjm^ on the surface of the earth, and activity concentration of 25 Bq/kg in 
soil is estimated to be 1.2 mBq/m\ A measurement held in Munich (Germany) 
confirms the validity of this estimation (Jacobi, 1980) and the corresponding 
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annual intake through inhalation is approximately 0.01 Bq. 
The wide-spread dispersal of radionuclides into the environment from 
natural or man made sources causing ecological changes may result in the 
alteration of uranium concentration . The concentration of uranium in the 
atmosphere can be as high as 200 pCi/m' (EPA, 1975) and this is minor 
contribution compared to food and water. People living near uranium mine 
or mill may inhale or ingest abnormal amounts of uranium. These people 
require individual guidance. 
1.2.5 Uranium in Water 
All the earthen materials contain uranium in varying proportions as 
discussed above. Uranium is transferred to ground water when these sources 
like uranium ores, minerals, rocks, soils and sands come in contact with water 
which may be used for drinking and irrigation purposes. It is transferred by 
its leaching action from bed- rocks, soils, and coal etc. It can also be 
transferred to water through milling and mining of uranium ores. Ground 
water plays an important role in the migration and redistribution of elements 
in the earth's crust. The physical and chemical characteristics of water that 
mainly determine its capacity to dissolve and transpsort uranium to surface 
waters are its pH, temperature, redox potential, levels of dissovled solids 
and flow rate. The concentrations of uranium and its daughter products in 
water are also determined by the physical nature of the aquifer and ultimately 
by the formation of U-content involved. The high concentrations of natural 
radioactive elements are not only high for water from uranium mines but also 
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for mineral water and water from some drilled wells. Studies on the state of 
radioactive disequilibrium between the isotopes of uranium (U"** and U-^ )^ 
in natural water show that ground water has much greater variations in the 
U-^ VU-^ ** activity ratio (especially at low concentrations) than the surface 
water (Osmand and Cowart, 1976). The natural radioactive decay series 
contains four isotopes of Radium. The uranium series has Ra"^ (half life = 
1600 yrs); the actinium series has Ra"^ (half life =11.4 days) and in the 
thorium series it is Ra"^ (half life = 5.8 yrs) and Ra^ ^^  (half life = 3.64 days). 
All these radium isotopes are present everywhere in the earth's crust in small 
quantities depending on the uranium and thorium contents of the local rocks. 
Ground water usually contains more Ra"^ than Ra"^ and an unusually 
low Ra--'' /Ra--^ ratio in water indicates that the water is fresh and there is 
no indication of proximity of thorium rich rocks. The long lived Ra-** and 
Ra--" naturally occur in water especially in old ground water and their activity 
ratios are equal to the average contents of Ra--^ and Ra-^ ** of the surrounding 
rocks. Thus some results show that the lelative uranium and thorium 
contents of the bedrock can be found from the Ra"VRa"^ ratio of the water 
(Cherdyntsev. 1971). Alarmingly high value of U-content was found in 
drilled wells and ground water in some countries like Finland, Sweden, and 
United States etc. Asikainen's(1982) study shows that 40% of drilled wells 
water contain Rn-- ( a decay product of Ra"* ) concentration more than 
about 10,000 pCi/1 and about 3% drilled wells concentration exceeds 100,000 
pCi/1. Such val ues for Rn'"' content in ground water from bedrocks were 
found in Maine and Newhampshire in U.S. These high levels have been 
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attributed to the granites and metamorphic pegmatites which hydrothermally 
introduced uranium (Brutsaert et. al., 1981; USEPA, 1977). The effective 
dose equivalents show that marked increase in the background radiation 
exposure in some cases is due to the presence of uranium and Radium (Ra-^') 
in drinking water (Asikainen, 1982). The U-content in ground water of 
drilled wells is significant due to its chemical and radi©toxicity. Keeping in 
view the chemical toxic effects, ICRP (1964), recommended limits for the 
ingestion of uranium lower than those derived from the radioactivity of this 
element. 
The water from different sources containing high value of uranium has 
drawn attention of the radiation protection scientists and uranium 
piospectors. The high value of radioactivity in ground water may be due to 
the presence of uranium deposits in the surrounding bedrock. The transfer of 
uranium series activity from bedrocks and soils in the water is the main 
reason for natural radioactivity in water. Thus, the radioactivity found in 
water depends on the U-contents encountered in the rocks v\lth which the 
water comes in contact. Studies on uranium in water have shown that the 
natural radioactivity in ground water varies over an extremely wide range. 
The areas containing high concentrations of uranium in bedrocks and soils 
shows high levels of natural radioactivity originating from uranium series 
elements. 
The radioactivity of water has also been a subject of great concern for 
uranium prospectors for many years (Cumeron and Hombrook, 1976; Boyle. 
1980: Smith et.al.. 1976). Drinking water is one of the media by which 
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natural radioisotopes are transferred to man. The radioactivity in water 
(mainly due to Ra"- and Rn"2) has also been measured keeping in view the 
radiation protection because the radioactive nuclides enter the human body 
mainly through food and drinking water and the daughter product of radon 
(Rn"^) that enter the human body due to inhalation. 
When the uranium is at equilibrium in drUdng water, the radioactivity 
from U'''* and U"** are equal. Some drinking water supplies contain more 
activity from U'^ ^ than that from U '^'*' resulting in a U^^/U"** ratio greater 
than 1. The ratio in drinking water exceeds because : (i) The P particle 
emerging from the parent of U"^ could change the electronic character in 
such a way to cause the dughter U-^ ^ to preferentially bound with available 
atoms in the more soluble +6 valence state. It has been observed that the 
largest value of disequilibrium ratio occur in slightly oxidizing environments 
(Kaufman et.al., 1969). In reducing environments, U"^ does not appear to be 
preferentially leached, (ii) The isotope U''^ decays with higher energ) a 
particles than does U"^ **. The higher recoil energies of U"^ could move this 
isotope into the aqueous media more rapidly(Fleischer, 1980). The U--'^ AJ-'* 
ratio in time approaches the equilibrium value of l(Turekian and Cochran, 
1978). The activity ratio is seldom less than 1. The reported data by Cothern 
and Lappenbusch (1983) on ground and surface waters show that surface 
waters are closer to equilibrium for uranium isotopes than ground water. 
Water is an essential and regular material of consumption, therefore 
the toxicity from uranium present in it has great importance. The ariual 
dietary intake of U"^ has been found to be about 5 Bq in the normal 
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background areas(UNSCEAR, 1977). 
Uranium and other radioactive substances may enter the human body 
mainly through following three important portals, 
(i) Inhalation : In this process radioactive dust and gas enters the human 
body mainly through breathing, 
(ii) Ingestion : Using contaminated drinking water and food or tacitly 
transfer radioactivity to the mouth. 
(iii) Absorption : Through the intact skin or through wounds. 
Ingested food and water are the primary sources of internally deposited 
radionuclides. Daily intake of U''* and its daughters like Ra-''' and Ra--^ is 
about 1.0 pCi; Th-'"and Th-^'about 0.1 pCi; and Pb^'" and Po'"'about 3.0pCi 
(IAEA, 1980). Radioactivity in the human diet consists of fallout radionuclides 
and natural radioactivity from the two primordial radioactive series with U-'** 
and Th--'- as parents and also from K "^. 
The radioactivity from radioactive series of U-^ ** present in water and 
soil is transferred to plants grov^ there, food supplements and then to human 
being. The radioactivity of soils is due to the rocks from which they are 
derived, diluted by organic matter and leaching action of water. Uranium 
concentration ranges 2-180 ppm in livestock feed supplements in proportion 
to their phosphorus contents (Reid, et. al., 1977). The range of uranium in 
most foods is 1-100 ng/g (Cothern and Lapenbusch, 1983). Although the 
dietary intake varies according to food habits, the overall intake of uranium 
has been estimated to be in the range 1.3-1.4 |ig/day (Hursh and Spoor. 
1973). Another estimated value of uranium in the U.S. is about 0.4 pCi/day 
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(UNSCEAR, 1977a). Bioconcentration factors for uptake of uranium by 
terrestial plants including staple grains and market/garden vegetable grown 
in contaminated soil are of the order of 1 0 \ The average value of annual 
ingestion of uranium through food is about 360 ^ig (or 240 pCi). The estimated 
average amoimt of uranium in drinking water in the U.S. is 2 pCiA. Thus, 
consuming 2 litre/day the average person would ingest 1460 pCi in a year 
from drinking water (Cothern and Lapenbusch, 1983). The atmosphere 
contributes uranium concentration of the order of 200 pCi/1 which is quite 
small as compared to food and water (USEPA, 1975; 1976; 1977; 1977 and 
1979). The toxicity of iiranium to livestock and its potential transfer to 
human beings via food products was discussed by Garner in 1963. The 
metabolism of uranium ingested by dairy cattle with their normal diet was 
given by Chapman and Hammens (1963). They identified feed concentrate 
provided to the herd as a primary dietary source. The observed data shows 
that on the average milk received 0.2% uranium of the estimated daily intake, 
whereas more than 99% uranium concentration of the estimated intake per 
day appeared in feces. The source of uranium and radium for dairy catties was 
phosphorus containing feed supplements (Reid et. al., 1977). It is also 
observed that uranium is transferred to milk through phosphorus rich feed 
supplement which may increase the intake of uranium in human being. 
Natural uranium in tetravalent state is unstable and oxidised to form a 
more toxic hexavalent state. The hexavalent state combines with active sites 
(phosphate group) on the surface of cells, thus blocking normal metabolic 
processes for cell survival. Hexavalent state of uranium injures the kidney 
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to prevent normal elimination of waste products such as urine etc. resulting 
in renal disfunctions which is a cause for leukaemia (Steere, 1970). 
The datighter elements (He, Ra, Rn, Bi, Tl, Po, Pb) are derived by the 
nuclear disintegration of thorium and uranium. They are invariably associated 
with two parents and hence provide particularly useful indicators and 
pathfinders. A knowledge of the U/Th ratio in the host rocks and deposits in 
a terrai>h, and the process that lead to their variation, is a requisite for 
adequately interpreting the ratios prevailing in the supergene environment, 
viz., natural water, soils, sediments, biological materials etc. In natural 
waters the U/Th ratio i s usually much greater than that prevailing in the rocks 
and deposits through which or over which the waters have moved, the reason 
being the general high mobility (solubility) of uranium compared with 
thorium.Uranium tends to leach out because of its high chemical mobility. An 
overall observation on the U/Th ratio indicates that the higher the value of 
the ratio in stream sediments, the greater is the quantity of mobile (soluble) 
uranium in the environment and the lower the value the greater the thorium 
resistant character of the environment (Boyle,, 1982). Helium (He^ ) and 
Radon (Rn-'^. Rn-". Rn---) the inert gases are derived from the disintegration 
of thorium and uranium. They are also used as indicators and pathfinders in 
geochemical prospecting methods for uranium and thorium. The isotope 
Po-'^' v^th an intense alpha radiation in the U-^ ** series is of interest in 
geochemical prospcting because of its relatively long half life (138.4 days). 
In uraninite and pitchblende, polonium is present at the level of 0.001 ppm 
and in other natural materials, the contents are one hundredth (orpph)to one 
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thousandth (orppt) of this value. 
The normal ranges of the radium content in a variety of natural 
materials are listed in the Table 1.5. Under certain conditions, because of the 
differential mobilities of uranium and its daughter radium, sediments rich in 
organic matter, sediments rich in mangnese compounds, and peat bogs may 
become enriched in radium relative to that normally in equilibrium with 
uranium. 
1.3 CLASSIFICATION OF URANIUM MINERALS AND PROPERTIES 
Tyler (1930) classified uranium minerals as follows -
1.3.1 Uranium Minerals in Pegmatites 
(i) Uraninite 
(ii) Uranium bearing columbates and tantalates 
1.3.2 Non Pegmatitic Uranium Minerals 
(i) Pitchblende 
(ii) Uranium oxides formed by oxidation of pitchblende (often identical 
with those fonned from uraninite) 
1.3.3 Secondary Uranium Minerals 
(i) Uranates, silicates, carbonates, sulphates 
(ii) Uranium "micas" of the type ; M(II) (UO^), (XOJ^- " H p , where M 
indicates Ca. Cu, Fe, Pb, Mn, or UO, and X represents P, V, or As. 
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Table 1.5 
Radium content of some natural materials* 
Description 
Igneous Rocks 
Ultrabasic 
Basic 
Intermediate 
Acidic 
Sedimentary Rocks 
Sandstone 
Shale 
Lime stone 
Metaniorphic Rocks 
Soils 
Stream and Lake sediments 
Ground waters (non-saline) 
Surface waters (non-saline) 
Brines associated with petroleum 
Ocean Water 
Manganese and iron precipitates 
Calcareous precipitates at radioactive springs 
Barite precipitates at radioactive springs 
Anglesite. cerussite. and other secondary and 
supergene lead minerals in radioactive 
Flora and Fauna (ash) 
Petroleum 
Normal peat bogs 
Normal coal (as found) 
Normal coal (ash) 
Uranium ores 
: deposites 
Ra Content (ppm) Range 
lx lO-»-1 .5x10^ 
lxlO-«(avg.) 
4 x 10-'(arg.) 
7x 10-'(avg.) 
1.5xlO-^(avg.) 
5 X 10-'-1.3 X 10-* 
8x 10-'(avg.) 
1 X 10^(avg.) 
4 x 10-'(avg.) 
3 x 1 0 ^ - 1 . 5 x 1 0 ^ 
8x 10-«-9x 10-5 
1 xlO-«-1x10-5 
1 X 10-'"-2 X 10-^  
1 X 10-"-4x10-" 
upto - 8 x 1 0 ^ 
4 x 10-"-2x 10-'" 
1.5 X 10^-1.5 X 10-^  
up to -2x lO-* 
upto-2 X 10-^  
upto - 5 X 10-* 
2x10-"-5x10-^ 
up to -2x 10-" 
5x10-" - 1 xlO^ 
1 xlO-"- 1 X 10^ 
5x 10-«-9x 10^ 
Ra/U = 3.5x10-' by weight 
at equilibrium 
•Boyle (1982) 
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(iii) Carbonaceous uranium-bearing substances 
Uranium has been identified in 115 different mineral species and in 
approximately 80, it is an essential component. Among these are nine which 
form most of the ores in mines throughout the world. Uraninite (UO^); 
pitchblende (variety of UO^); coffinite [U(Si, H,)OJ ; uranothorite [(Th,U) 
SiOJ; uranophane [CaUPjSijO^. IHfi] ; davidite, mixture; carnotite 
[K,(UO,), (V0,), .3H,0] ; brannerite [(U, Ca, Fe, Y, Th), Ti^O,,] and 
tyuyamuite [Ca(UO,),(VO,)2.nH20] (Fairbridge, 1972). 
Some common uranium minerals with their chemical group, 
<iomposition, uranium %, optical and crystallographic properties and Typical 
occurrence are shown in Table 1.6. It has been found that all minerals 
containing appreciable amounts of rare earth elements are likely to contain 
a little uranium. (Katz and Rabinowitch, 1951). 
1.4 ENVIRONMENTAL RADIATION AND HEALTH HAZARDS DUE 
TO URANIUM 
Radiation on earth has been there since its birth. Radiation is a 
constituent of natural environment. Among natural and man-made sources of 
ionizing radiations in environment, a-emittingradioisotopes and their effects 
have greater importance due to certain reasons ; (i) they are the only natural 
sources of high ion density in the atmosphere and biosphere (ii) they are 
highly non-unifofm in their environmental and biological distribution (iii) 
Wide variations of levels of exposure to alpha emitting radioisotopes from 
natural sources viz, air, food, and drinking water with various occupational 
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and public exposure groups (James and Kember, 1970). The major sources of 
natural background radiation are outer space, the atmosphere, all our food 
stuffs, plants and drinks. Radiations originating from the outer space (cosmic 
rays) are called extra- terrestrial and those from the primordial radionuclides 
existing in the earth's crust are known as terrestrial radiation. The sources of 
terrestrial radiations are uranium (U*'*), thorium (Th^^ )^ and K^ " decay 
series. These radiations cause natural background radiation and irradiate the 
human body as well as the living beings. Our body itself contributes a 
significant amount of radiation exposure with dose coming from K "^ present 
in our soft tissues. Also our body contain small trace quantities of uranium, 
radium, carbon-14 and tritium. The exposure to natural radiations can be 
classified as external exposure and internal exposure. External exposure 
results fvOMthe irradiation of human body with atmospheric radiation. 
Cosmogenic and primordial radionuclides entering into the human body 
through physiological pathways forms internal exposure. A report (Nuclear 
India, 1988) stating about the total exposure to the Indian population by 
various sources, is listed in Table 1.7. It shows that natural background 
radiation contributes major part of total radiation exposure followed by 
medical and artificial sources. 
The natural radiation due to terrestrial component varies from place to 
place since it entirely depends on the level of radionuclides contained in the 
soil, minerals and rocks. The average external exposure received by the 
population through the terrestrial component is 0.35 mSv per year. U"*'decay 
series products like radon (Rn-^) and its decay products contribute major 
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Table 1.7 
% of the Total Population Exposure in India"^  
Source % of Exposure 
Inhalation 32.1 
Terrestrial 17.7 
Medical 16.2 
Cosmic 15.2 
Phosphogypsum 3.2 
Fallout 0.6 
Miscellaneous 0.25 
Phosphate Fertilizer 0.04 
Coal Fired Stations 0.01 
Radioactive dischare 0.0003 
Air travel 0.002 
Occupational exposure 0.006 
*Nuclear India (1988) 
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fraction of the internal dose received from terrestrial sources, labile 
K "^ and Th"^ decay series contribute to a lesser extent. The estimated 
annual internal exposure due to these radionuclides is 1.34 m Sv 
(UNSCEAR, 1982) and the data on natural radiation exposure from 
cosmic as well as terrestrial sources in terms of the annual effective 
dose equivalent (m Sv) are listed in the Table 1.8. 
1.4.1 Radiation in the Environment and its Effects 
Alpha emitting radioisotopes and their effects have greater importance 
in comparison to all natural and man-made sources of ionizing radiation in 
the environment. Since a-emitting radioisotopes are the only natural sources 
of high ion track density, radon and thoron progeny are highly concentrated 
on biological surfaces including exposed skin surfaces and epithelial 
surfaces in respiratory systems. However, a-emitting radioisotopes are 
highly non-uniform in their environmental and biological distribution and 
their energy is deposited in short straight tracks of about 40 to 90 |im length 
in tissue of unit density. 
The basic sources of a-irradiation of bone surfaces are Po'"^, Po-'- and 
Bi-'-. Suyvcfi. , Pb-'' is a bone-seeker, the inhalation of Rn-- , Po-"* . and 
oUjULtb 
Pb-'^ v^ll result in a correspondingly high frequency of a-emissionsyPo-'^ 
from, ; bone surfaces. Similarly, Pb^'- is a bone-seeker and thus the ingestion 
h 
of Th^^ and inhalation of Rn-^ " and Pb '^^  ^ j j | ^^^ j^^ g j ^ ^ y^^^ frequency 
of Po '^^  and Bi-'- a-emissions from surface. 
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Table 1.8 
Estimated Per Capita Exposure from Natural Background 
Radiation"^  
Source 
Cosmic Rays 
(a) Ionising component 
(b) Neutron component 
Annual Effective Dose Equivalent 
(mSv) 
External 
Irradiation 
0.280 
0.021 
Internal Total 
Irradiation 
0.280 
0.021 
Cosmogenic Radionuclides 
Primordial Radionuclides 
0.015 0.015 
IP* Series 
Ra-" 
Tl>"2 Series 
Ra"» -^ Ra^ -^i 
Rn220 ^ j p 0 8 
Total (rounded) 
*UNSCEAR(198 2) 
0.090 
0.140 
0.120 
0.010 
0.007 
0.007 
0.800 
0.130 
0.003 
0.013 
0.170 
0.650 
0.180 
0.006 
1.044 
0.326 
1.340 
0.300 
0.006 
^ 
2.000 
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Natural soitfces contribute, a-emitting radioisotons in air, food and 
drinking water and their concentrations vary for various occupational and 
public exposure groups. A single a-interaction to a cell and its nucleus 
delivers a radiation dose of about 10 and 100 rads respectively 100 and 1000 
times the natural background radiation dose of -100 m rem per year (James 
andKember, 1970). 
The concentration of Ra"^ Th"'' and U in vegetation also increases 
due to the wind blown dust from tailing piles and active uranium mills. The 
radiation level on vegetation was reported higher than the background 
radiation on vegetation (Nureg-0441, 1979). 
a-Emitters as well as powdered uranium are known to be highly 
effective carcinogenic agents. Interactions of a-emitters with the nuclei of 
mammalian cells are effective in the induction of malignant transformations. 
( Lloyed. 1979; Hueper, 1952). Inhalation of airborne tailing of respirable 
size from dust of uranium mills and tailing deposits also imposes; serious 
health hazards. The average concentrations of Ra-", Th"", and Pb-'" in 
respirable particle size range were reported about 1 O^pCi/gm (Schemel, 1978). 
Since the particulate materials in this size fraction included natural aerosols 
of negligible activity, it is likely that the radioactive particles have specific 
a-activity of- 10^ pCi/gm or higher approaching that of pure uranium. If a-
emitting tailing particles of respirable size are insoluble, inhalation exposure 
would contribute to the risk of lung cancer. However, if these tailing 
particles are soluble in body fluids, the bone-seeking radioisotopes, Ra"^, 
Pb-'" and U will instead contribute to an increase risk of bone cancer and 
leukemia. 
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a-emitters in comparison with other proposed carcinogens are 
exceptionally effective in the production of any of the wide range of gross 
chromosome aberrations and other cytogenetic bronchial tumors, malignant 
melanomas and in most other highly malignant cancers in man. ( Kotwal, and 
Gray, 1947; Atkin, 1974). 
Thus, a-emitters may play a key role in human cancer and cardiovascular 
disease. Inhaled and ingested a-emitters that are soluble in body contribute 
substantially to risk of leukemia and bone cancer in all age groups. 
1.4.2 Health Hazards due to Uranium 
Uranium is ' radiotoxic and ubiquitous in nature. Uranium itself and 
its radioactive decay products either inside or outside the body can be quite 
harmful. Uranium due to its high toxicity and radiation effect poses a serious 
health hazard on living beings by accumulating in tissues, bones, liver and 
kidney. (Shihomatsu and Iyer, 1989). Uranium inside the body irradiates the 
internal tissues continuously till the radioisotopes are eliminated by any 
physiological process or else it loses its radioactivity by natural decay. It is 
well established that powdered uranium is a highly effective carcinogenic 
agent (Htteper et. al.. \952).5^.1\Qj>hf the a-emitting tailing particles of 
respirable size are insoluble, inhalation exposure would contribute to the risk 
of lung cancer. However, if these tailings particles are soluble in body fluids, 
the bone seeking radioisotopes, Ra-^, Pb-'" and U will instead contribute an 
increased risk of bone cancer and leukemia. 
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Kidney is the important organ affected by the.toxicity of uranium. It 
can even lead to cancer due to the somatic mutation occurring in a cell 
(Power, 1981). Such a mutation alters the control mechanism of cell leading 
to its unregulated division. Further penetrations and ionizlMBt?" radiation 
through uranium which passes in human body either^finhalation or tho^ugh 
ingestion, damages some of the cells that are repa rable at low dose rates. 
These injured cells may ocassionally multiply irregularly beyond control 
resulting the malignant growth. However, even an estimated permissible 
dose to human beings is 40 mg/day (Morgan, 1973). The radiation exposure 
even at low doses for a long period can be dangerous. Available data on the 
studies of minor exposure shows that the incidence of lung cancer is a linear 
functon of accumulated exposure. A linear relation between dose and effects 
exhibits that low level exposures over a large population for a long period 
could not be ignored although uranium being highly toxic, plays an important 
role in various cosniochronological and nucleosynthesis events (Fisher. 
1975). 
Environmental behaviour of uranium can be shown by hydrolysis 
which competes with organic and inorganic complexation. Uranium at pH 6 
and below forms very stable complexes with organic compounds that are rich 
in oxygen in the form of humic and fulvic acids in the natural environment. 
This kind of interaction involves peats, coals, asphalts, as well as inorganic 
interaction with shales, phosphorites and carbonates (Katz, 1951). In solution. 
Uranium forms uranyl ion (UO,^^) which forms soluble salts with all common 
anions except phosphate (Longane, 1966). Thus uranium from bedrocks and 
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soils enters the human body through food stuffs and water. Therefore, the 
determination of uranium in water and food stuffs is most important. 
Nephritis is the primary chemically induced health effect of uranium 
in animals and humans (Hursh, J.B., 1973). Bone cancer also resulteby the 
high a-radiation effect of radium which is the daughter product of uranium. 
(Rowland, et. al., 1978; National Academic of Sciences, 1980). The 
toxicokinetics of Ra, U and Rn has been evaluated by Wrenn et. al., 1985. 
The bone dose rate of Ra is two to eight times more than that of uranium 
A 
(Cothern et. al., 1983). 
Radon delivers its energy to the bronchial epithelium and lung at 
about 0.5 - 0.7 rad/WLM (Cross et. al., 1985). Both Ra" ' ' and Ra--** 
cause bone sarcomas Ra"^ also causes head carcinomass due to the 
daughter product (Rn-- ) subjecting the paranasal sinuses and mastoid 
cells to a radiation dose. Modelling would suggest that leukemia may 
also result from radium exposures. Uranium is also a bone-seeker and 
carcinogenic bioeffects would also be suggested. In addition, uranium 
causes non-carcinogenic bioeffect to kidney. Radon primarily causes 
lung Cancer. Lifetime Cancer risks associated with continuous exposure 
to radon seems to be 1 - 2 x 1 OVWLM or 4 - 8 x 10"^ pCi/1 due to radon 
in drinking water (Cross et. al., 1985). In the case of uranium. EPA 
choose to issue a Health Advisory of 10 pCi/1 based on radiotoxicity 
(Lappenbusch, 1979). More recently, a calculation based on chemical 
toxicity would indicate that 10 pCi/1 is also appropriate for non-
carcinogenic bioeffects (Lappenbusch, 1983). 
36 
1.5 ENHANCEMENT OF NATURAL BACKGROUND RADIATION : 
High background radiation are those where at least one of the following 
conditions exists (Academia Brasileira de Ciencias, 1977). 
(i) The exposure rate from external terrestrial sources over extended 
areas, is greater than 200 mR/y. 
(ii) The long lived a-activity ingested through the local diet and water is 
greater than 50 pCi per day. 
(iii) The radon concentration is greater than 5000 pCi/1. 
(iv) The radon and thoron concentrations in the atmosphere are greater 
than 1 pCi/1. 
The areas where such conditions did not exceed but only approached 
these values have also been considered often as High Background Radiation 
areas, especially if the population size in the areas was dense. (Gianferrari 
et.al.,1962. Cardinale, 1972). 
Natural background radiation to which all life on our planet is exposed 
has been modified in many ways by technological! and civilizing interventions 
of man. Generally the natural radiation exposure increases due to the human 
interference with nature. But in a few cases, the natural radiation exposure 
reduces Vj^ purification of drinking water leads to the reduction levels of 
radioactive elements like radium.The natural sources of radiation which 
would not exist without technology and civilization also enhance the natural 
radiation. For example; the coal bur*jed deep in earth contains naturally 
occurring radioactive elements which have no influence on the natural 
background radiation exposure to human being without mining and burning 
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of coal for energy production. Mining and fly-ash through burning of coal 
release the radioactive nuclides into our environment which can irradiate 
human beings. Some modes, of technologically enhancement of natural 
background radiation exposure which have great scientific importance have 
been discussed asf*U*u>Sl 
1.5.1 Enhanced Radiation by Coal-fired Thermal Power Plants 
Coal is one of the eartheCji materials which contains trace quantities of 
naturally occurring radionuclides. Burning of coal is one of the important 
sources of enhanced exposure to natural radionuclides. Coal always contains 
y :38 u:.^! ji^i?: ^^^ jj^gj^ radioactive daughter products in secular equilibrium. 
Activity concentrations of natural radionuclides in samples of coal, coal-ash 
and fly-ash vary widely with geographical location of the mine and type of 
coal. Fly-ash from coal-fired plants escape into the atmosphere in quantities 
of about 0.5% to 2% of the total ash produced in the thermal power plant 
depending upon the efficiency of the electrostatic filters applied. However, 
most of the radioactivity remains in the ashes after combustion. (UNSCEAR. 
1977b). 
McBride et. al. (1978) estimated annual emissions of naturally 
e 
occurring radionuclides in airborn.effluentsof amodel lOOOMWe coal-fired 
power plant taking the following assumptions; (i) coal contains 1 ppm U and 
2 ppm Th (ii) ash release is 1% (iii) Rn"" is produced from Th-" in the 
combustion gases at the rate of 51 Bq/:sec. per gram of Th. (iv) the annual 
release ofnaturalU is 2.32 X 10"" gm and Th"^ is 4.64 x lO-'gm(v) 15 seconds 
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are required for the gases to travel from the combustion chamber to the 
top of stack (vi) except for R n " ^ radionuclides with half lives less 
than several minutes are omitted. The annual radioactive nuclides 
released from a coal-fired power plant is shown Table 1.9. 
A report by Pushparaja et.al.(1995) shows that a 500 MWe coal-
fired thermal power project releases 111, 120 and 45 Bq/^ec 
radioactivity in the foim of natural U, Th, and Ra respectively to the 
atmosphere. Subsequent emission of the waste products to the 
atmosphere causes the redistribution of the radionuclides to modify 
ambient radiation levels. In many countries, a large amount of electric 
power requirement is fulfilled by the coal-fired thermal power projects. 
In India, about 65% of the total electricity is produced through the use 
of coal as a fuel (Mishra and Ramachandran, 1991) 
It has been shown that coal ash piles have a consistent impact on 
landscape conservation, land use and give rise to wide pollution halos, 
owing to the percolation of water and leaching of both radioactive and 
stable pollutants(Chu et.al. 1979). Inhalation during the passage of 
plume, external exposure and ingestion of the radionuclides deposited 
on the ground are the three pathways by which the population around 
the power plant is exposed . Isotopes of radium and thorium are the 
predominant components of the source of the collective effective dose 
equivalent commitment. An estimated annual effective dose equivalent 
by the use of coal per unit power (GW) production is about 0.005 mSv 
(UNSCEAR, 1982). 
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Table 1.9 
Annual Airbom Radioactive Isotopes Released from 
a Thermal Power Plant* 
Isotopes 
l]raiiiiiin-238 Chain 
U"^ U^'\ mPa-'\ U-'Mh ^''\ 
Ra226 po218^ pb214 g j a u 
Po^'^ Pb '^", Bi-'". Po''<'. 
Uraniuin-235 Chain 
U"-\ Th^ '^, Pa--''. Ac--\ Th=-\ 
Ra--\Pb^",Bi-". 
Thoriuni-232 Chain 
Th-^-, Ra"«, Ac--^ Pb-'-, Bi-'^ 
Radon 
Rn--^ ' 
Rn-^ ^ 
Release 
(Bq/year/radionuclides) 
29.6 X 10^  
12.95 X 10^  
18.5 X 10^  
1.48x10'^^ 
2.96 X 10"' 
*McBridgeet.al.,(1978) 
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1.5.2 Enhancement from the Geothermal Energy Production 
Geothermal energy is being produced by many countries like Iceland, 
Italy, Japan, U S S R , New Zealand and United States. It is produced by the 
use of hot stream of water or steam derived from the hot rocks deep in earth. 
Alongwith the geothermal fluids considerable amount of radionuclides, 
especially radon gas Rn*", is also discharged into the atmosphere which 
poses a chance for modification of ambient radiation levels. In Italy, the 
atmospheric discharge of radon per unit energy (GW) was about 400 TBq 
(Mastinu, 1980), corresponding to a collective dose equivalent commitment 
of 6 mSv (UNSCEAR, 1982). The annual effective dose equivalent from the 
atmospheric discharge of Rn-^" for a critical group living around the 
geothermal energy would be about 0.03 mSv. Although this amount is large 
compared to the individuals residing near coal-fired thermal power plant 
(0.005 mSv), but lower power production in the existing geothermal power 
plants make it insignificant. 
1.5.3 Enhancement by Nuclear Power Production 
Nuclear fuel cycle involves many steps with varying extent of 
radiological impact on the environment. Though the power generation stage 
of reactor operation provides minor contribution of radiation to the 
environment, uranium mining and milling operation is important contributor 
to the environmental radiation imparted to human being. The main sources of 
radiation are radon and its daughter products from the tailings of the mills. 
An estimated annual per 'capita' dose from a unit (GW) nuclear electric 
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energy production is 0.001 mSv by the year 2000 (UNSCEAR, 1982). 
1.5.4 Enhancement of Radiation by Industries 
Solid, airborn and liquid effluents from many industries contain 
relevant radionuclides in varying concentrations. Phosphate rocks used in 
fertilizer factories contain trace quantities of U " ^ Ra"^ Th"^ and K*". 
These radioactive elements are redistributed in the form of fertilizers, 
effluent discharges, byproducts or waste materials utilized for other purposes 
by the industrial processing . 
The radionuclides from fertilizers may cause the uptake of activity in 
soil. Industrial wastes used for construction purposes may deliver high doses 
to the inhabitants of dwelings built with them. Some of the building materials 
which contain high concentrations of the radioactive elements are erratic 
blocks pumice stone, alum-shale concrete, lithoid tuff, granite and uranium 
mill tailings etc. In northern Germany enhanced radiation exposure was 
reported due the utilization of erratic rocks consisting of granite and gneiss 
for house building, road surface etc. On roads and routes with granite stone 
surface the local dose rates generally are between 60 & 160 m rem/y. The 
local rates a>ta found to change with respect to time on several roads, 
places and in some buildings due to the utilization of slag stones, calcium 
sulphate and other artificially produced materials. In this context the copper 
slag stones from Plansfeld in the German Democratic Republic with a U-''* 
activity of 20 pCi/gm are of interest. On roads and places with copper slag 
stones the local dose rates reach values of 400 m rem/y. ( Bonka.1981). In 
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several countries fly-ash is used in a variety of applications such as in 
manufacturing of cement, bricks and road filings etc. thus leading to 
enhaced levels of radiation exposure. 
1.5.5 Enhancement of Radiation by Ore Mining and Milling 
The contribution of natural radiation to overall exposure is 
becoming of increasing concern to EPA, especially those sources 
influenced by man's activities like mining and milling of uranium ores. 
Some of the earliest technological enhancement of natural radiation 
(TENR) sources of concern \re uranium mill tailing piles and use of 
mill tailings in the construction of homes. Other sources evaluated by 
EPA includes radon (222) from natural gas, ore mining and milling 
(Uranium, Phosphate, Iron. Copper, Zinc, Clay, Lime stone. Fluorspar 
and Bauxite). The concentrations of uranium in mined ore is between 
0.1 and 0.2% 1^,0^. Mined ore contasfifeMJ*^*' and its daughter products 
as major radioactive content. One tonne of ore containing about 2 kg 
of U,Ojj from each of+4 members of the U-'** decay chains gives rise to 
a total activity of about 29 x 10^ Bq. Rn-" as well as dusts containing 
uranium and its decay products are the major airborne radioactive 
effluents from uranium mining. Radon emission from the mine and 
solid wastes continue even after the mining operation is ceased. A 
study on uranium mines in Wyoming (USA), showed estiamted Rn---
emission rate of 14.8 x 10^ Bq/tonne of ore produced (UNSCEAR, 
1980). 
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The major radioactive solid wastes from the milling process appears in 
the tailings. The tailings comprise about 70% sand and 30% slimes. 85% of 
the radioactivity is contained in the slime. The atmospheric emissions of 
radionuclides originate in the ore crushing and storage, the grinding and 
chemical operations and the tailings disposal system."Yellowcake" (5% 
Thorium + 0.1 % Radium) drying and packing processes are the major source 
of atmospheric dust emissions. The reported ranges of emissions are 11x10** 
- 44.4 X 10« Bq/y U-'^ 18.5 x 10^ - 18.5 x 10« Bq/y Th"" , Ra -^^  ^^d Pb^'"; 
and 9.2 x 10^ - 63 x 10" Bq/y Rn^". The tailings area produces atmospheric 
emissions in the ranges of 7.4 x 10^ ' - 52 x 10' Bq/y U"" and U""*; 1 1 x 1 0 ' -
74 x 10** Bq/y for Th-'", Ra and Pb^'" and 52 x 10" - 31.5 x 10'^ Bq/y for 
Rn"-(UNSCEAR. 1980). 
Soils and vegetations are contaminated by wind blown dust from 
tailing piles and active uranium mills. The concentrations of Ra^^^ Th"" and 
uianium on vegetation were found higher than background radiation (Nureg 
-0441, 1979). 
1.6 RADIONUCLIDES IN DRINKING WATER AND THEIR 
STANDARDS: 
1.6.1 Radioactivity in Water 
Water is the unique creation of nature. It is vital to all forms of life 
includingmankind. Eventhough more than 70 % of earth's surface is occupied 
by oceans, the use of marine water for human consumption, viz., irrigation. 
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domestic and Industrial purposes is very Jpto. The river and ground waters 
are used for the domestic, irrigation and ndustrial purposes. As a consequence 
of population explosion, extensive use of river basins for waste water 
disposal and various land based activities, some rivers have been greately 
polluted. However, water is an important pathway by which radioactivity 
can be transferred to man. 
Radon and uranium : " the two radionuclides have special attention 
for the reason that both occur at surprisingly high concentration in the water 
supplies of a significant.of general population. Radon (Rn"*) is present in 
continental surface waters at concentrations substantially in excess of that of 
its parent (Ra"^). Concentrations of Rn-- in springs, artesian wells, other 
wells and underground aquifers vary widely generally ranging from about 
10- to 10^ pCi/1. Water supplies at highest concentration can contribute, 
significantly to indoor radon and radon progeny levels (Hess et. al.. 1981). 
Unless water sources with very high Rn--- are identified and steps are taken 
to aerate them before human consumption, they may contribute significantly 
to the internal a-radiation dose and to attendant leukemia and bone cancer 
risk attributable to the Po-'^ grand daughter of bone seeking Pb-'^. 
Y 
The occurence of high concentrations of soluble uranium in wells. 
streams and surface waters is a fairly recent observation, but is apparently a 
wide-spread problem in areas contaminated by uranium mining and milling 
operations and phosphate fertilizer production. Soluble uranium at 
concentrations of 100 pCi/1 have been found in the water supply of North 
table mountain community downstream of the Schwartz Walder Uranium 
45 
Mine. West of Denver, wells in Lathop, California, near the Occidental 
chemical company's phosphate fertilizer production facility. Since chemical 
processing of uranium and of phosphate rock results in the oxidation of 
uranium to the +6 valence state for which most uranium compounds are 
highly soluble in water and percolate readily through soils. Wfjhen consumed 
in drinking water, soluble uranium i s readily taken up on active bone surfaces 
(Bulman, 1980). Healy et. al. (1979) reported the uptake of soluble uranium 
in skeletal tissue of children 170 times to the daily intake about 3 to 4 times 
the uptake of Radium from drinking water. 
The oceans are relatively well mixed and are characterized by levels 
of ionizing radiation about 1% of the values on land U"** is about 10^ times 
more abundant than Th-^- in sea-water. The uranium is present in seawater in 
the uranyl form (UO,^-), probably complexed with the carbonates that 
produce the lime stone deposits. These are relatively uniform in uranium 
content at a concentration of about 2 ppm. Uranium is also precipitated as a 
phosphate complex , but to a lesser extent and marine phosphate rocks 
contain 40 ppm or more uranium. Some springs with high radioactivity are 
located in Iran. India, Italy, Australia and U.S.A. Summarized typical 
concentrations of some radionuclides in drinking water are shown in 
Table 1.10 (Shastri et.al. 1995). 
1.6.2 Radiation Standards for Drinking Waters 
The radioactivity standards of drinking water for gross a and gross P 
issued by Bureau of Indian Standards (BIS) in 1991 are 0.1 Bq/1 and 1 pCi/1. Shastri 
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et a l , (1995) reviewed these drinking water standards (DWS) and evaluated 
0.01 Bq/1 for gross a and 0.34 Bq/1 for gross p activities. Several agencies 
like world health organisation (WHO) and US Environmental protection 
agencies have also prescribed standards for drinking water based on the 
philosophies enunciated by International Commissions on Radiation 
Protection (ICRP) and International Atomic Energy Agency (IAEA). 
Drinking water standards for some radionuclides recX)mmended by 
WHO and the USEPA, are summarized in Table 1.11. 
WHO (1979) and USEPA (1994) have used a dose apportionment of 
9, 
0.05 mSv/y and 0.04 mSv/y respectively to drive the drinking water standards. 
The drinking water standards for some of the radionuclides (Shastri et. al.. 
1995) for different population groups are shown in Table 1.12. A summary' 
of the recommended DWS for different radionuclides dictated by the critical 
group is also shown in Table 1.13. The derived standards may be adopted as 
drinking water standards in Indian context. It is recognized that the limits 
derived may be stringent with regard to natural radionuclides like K^". Ra--^\ 
Ra--**. U-^ ^ and U-''** in some regions of India with high background radiation. 
EPA's office of drinking water issued a health effects guidance level of 
10 pCi/1 (0.37 Bq/1) for uranium in drinking water. This concentration is 
being considered as suggested guidance level on the basis of health effects 
(i.e. Radiation Carcinogenesis and kidney damage) .The risk level from 
ingesting drinking water with a uranium content of 10 pCi/1 (or 15 pig/l) is 
estimated to be about 3x10"^ excess cancers per lifetime. (Lappenbusch. 
1979). More recently a calculation made on chemical toxicity would 
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Table 1.11 
Some Radionuclides Standards for Drinking Water"^  
Nuclide 
Rn^ ^^  
Ra^^* 
Ra^^^ 
Uranium 
Gross a 
Gross P 
*WHO(1979) 
*USEPA(1974) 
WHO-1979 
DWS(Bq/l) 
3.0 X 10^  
2.0 X 10-' 
1.0 X 10' 
-
1.0 X 10' 
6.0 X 10' 
USEPA-1994 
DWS(Bq/l) 
1.1x10' 
7.4 X 10' 
7.4x10-' 
5 .2x10' 
5.6 X 10' 
4.0 X 10-2 mSv 
Shastri et.aK-1995 
(Bq/1) 
-
1.2 X 10--
1.3 X 10-2 
7.8 X 10' 
1.3 X 10--
3.4 X 10' 
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Table 1.13 
DWS for Some of Radionucldies as Dictated by Critical 
Group* 
Nuclide DWS 
(Bq/1) 
Critical group/nuclide 
Gross p 
Po2io 
Til"'* 
Gross a 
3.4 X 10' 
13.0 X 10-^  
1.2x10' 
1.3 X 10-^  
1.2 x 10-> 
6.9 X 10' 
7 .8x10 ' 
1.3 X 10-^  
Adult 
Child 
Child 
Infant 
Infant 
Child 
Child 
J^22« po210 
*Shastriet.al. (1995) 
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indicate that 10 pCi/1 (or 15 \ig/\) is also appropriate for non-carcinogenic 
bioeffects (Lappenbusch, 1983). 
Morgan, K.Z. (1986) reported the permissible intakes (oral and 
inhalation) of uranium and affected critical body organs. He suggested the 
value of 19.85 mg per day, the maximum permissible oral intake of natural 
soluble uranium; assuming a consumption of 2.2 liter water per day. Kidney 
is the most affected organ by soluble natural uranium. Soluble natural 
uranium through inhalation also effects kidney while the maximum permissible 
t inhalation of soluble natural uranium is 0.75 mg per day. But insoluhe natural 
uranium affects the lungs and its recommended maximum permissble oral 
intake is 53 mg per day. Though, insoluble natural uranium affects lungs and 
its recommended maximum permissible inhalation intake is 0.64 mg/day. 
1.7 DISEQUILIBRIUM OF URANIUM IN GROUND WATER 
Many uranium ore samples have radionuclides in disequilibrium with 
their parents because of the numerous geochemical process/affecting ore 
deposits (Rosholt, 1959). In recent years, the importance of U-'^ ^ disequilibrium 
studies has been recognized and consequently the following classification of 
uranium deposits in terms of uranium series disequilibrium has emerged : (1) 
U-^ ^ > U"^> Th-^ " > Ra-'' indicates a young accumulation of epigenetic 
uranium; (2) U-'^ > Th'"' ~ Ra-^ > U-"* represents an older accumulation of 
ep]^^y\^c uranium than in (1). (3) Th-'" > Ra^ -^  > U"** > U-'^  indicates a recent 
partial leaching of an old deposit; and (4) Th"" > Ra-^ » U--'^  > U-'* 
represents recent leaching of more severe nature than in (3) (Hambleton. 
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1979). The uranium isotopic disequilibria in ground waters to the 
evolutionary state of the ore bodies through which they flow can be obtained 
by driving a disequilibrium among the first three long-lived members of the 
uranium series : U*^^ U"^ and Th"". Generally, a radioactive decay series is 
said to be in secular equilibrium if the activities of all member nuclides of the 
series are equal to that of the long-lived parent. Thus, if one or more of the 
daughter radionuclides have been lost from a geological system by any 
process other than radioactive decay, the state of disequilibrium exists. For 
example, the uranium isotopes are in secular equilibrium if their activity 
ratio is unity (U-'VU-^ ** = 1 ).But they will be in radioactive disequilibrium if 
the activity ratio is greater or smaller than unity (U- '^-'/U"'*> I or U^-'/U^'"'< 1). 
There are at least four positions in the series where separation can occur 
between U-"*and daughter nuclides causing disequilibrium. The isotopic 
fractionation between the two uranium isotopes U""* and U-^ ^ is of particular 
importance for disequilibrium mechanisms (Levinson and Coetzee, 1978). 
The variation in the U-^ /^U '^'** activity ratio in the surficial environment 
is controlled by several factors like redox conditions and the differences in 
the chemical characteristics of uranium and its two immediate short-lived 
daughter products Th-'^ and Pa'''^ Thus fractionation between U-^ ^ and U-'" 
is generally ascribed to selective leaching, a-recoil transfer of Th-'^ directly 
into the aqueous phase and the combination of the two processes. Selective 
leaching involves the preferential mobilizaiton of U-''^  relative to U- '^'. The 
Referential mobilization of U"^ may be brought about by. (i) lattice damage 
induced by radioactive decay (ii) location of daughter atoms in weakly bound 
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or interstitial sites and (iii) oxidation of U"^ to +6 val«^nce state as a result 
of recoil within the lattice(Rosholtet.al., 1963; 1964; ChalovandMerkulova. 
1966; Cherdyntsev, 1971). Because the recoil energy as a result of radioactivity 
decay is more than adequate to break chemical bonds as well as to ionize U"^ 
to higher valence states by stripping two of its electrons (Dooley et.al., 
1966X another mechanism which is responsible for increased valancy state 
of U-^ ^ and hence its higher solubility may be double p-decay in the sequence 
C 
Th'-'^ -^ Pa"^ -^ U"-* (Kronfeld et.al., 1975). This increased valeny state from 
+4 thorium to +5 protactinium to +6 and +4 uranium takes place as a result 
of P decay which is equivalent to the loss of an electron. Thus fractionation 
processes indicates that ground waters are often found to have U"W- '^ 
activity ratio greater than unity. 
1.8. SIGNIFICANCE OF THE STUDY AND THE EXTENT OF 
ACHIEVEMENT 
The radiation exposure to man either through inhalation or ingestion 
causes health hazards. Since the radiation on earth is by its birth, a strong 
social concern has been evoked over the detrimental effects of radiation and 
its uses. Effective environmental monitoring and quantitative assessment of 
the health effects and risks can clear the doubts about the impacts of all 
activities involving radionuclides. A systematic study on either natural or 
artificial materials containing radioactive elements can help in establishing 
radiation safety standards for the radionuclides to the human being. 
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Even when one studies envirommental contamination, it is generally 
with the end objective of evaluatingits consequences on the human population. 
Natural background radiation is important due to its largest contribution to 
the collective radiation dose of the world population. Natural radiation 
sources (external sources) like extraterrestrial cosmic rays, primordial 
radioactive nuclides in earth, water, building meterial, and air etc. and 
internal sources comprising the naturally occurring ractionuclides which are 
taken into the human body through inhalation and ingestion. Among all 
naturally occurring radionuclides, radon and its progeny contributes highest 
radiation exposure. Inhalation of radon and its progenyiaQotc<5-nce/non\y. in 
uranium miners but also in dwellings as they, cause lung concer. The reported 
annual lung cancer deaths due to inhalation of radon progeny are 20.000 
(New Scientists. 1988). A study of increased incidences of lung cancer 
among U.S. uranium miners shows that the rate of cancer among the miners 
was 10 times higher than that in other general public (Archer et. al., 1962; 
Wagner et. al.. 1964). Thus occurrence of such high levels radiation exposure 
justifies the need for the quantitative assessment of health risk due of 
radiation. 
It was intended by me to first acquaint myself with the study of fission 
tracks in solids and then to use the U(n,f) reaction for the analysis of trace 
quantities of uranium in liquids especially in drinking water samples. As a 
result of U(n,f) reaction undergoing in the U-content of dried water drop 
sandwiched between two foils of Melinex-0 plastic,fission tracks were 
produced. These fission tracks were counted under an optical binocular 
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research microscope. Trace analysis of uranium in water samples is important 
as drinking water contributes about 85% of ingested uranium (Cothern and 
Lappenbusch, 1983). SSNTD provides a reliable simple and sensitive 
method for trace uranium analysis in liquids as well/solids. 
It was planned to study the concentration of uranium in water samples 
collected from various sources such as Tube-well, jet pumps, handpumpsand 
taps to which water was supplied after treatment by water works department 
in the cities. The water samples were collected from several importatant 
cities of Uttar Pradesh (India). 
These water samples were collected in such a way as to cover whole 
area of the cit>' and the aim of choosing various sources and places was to 
study the variation of U-content with them. Quantititative determination of 
uranium will also be helpful in studying the factors affecting environmental 
radiation. The study will yield significant base line data which may be quite 
useful for the environmental surveillances and for many other industrial 
endeavours. The results may also point out incidences of technological 
enhancement of radiation levels and radionuclides (uranium) levels in various 
sources of water collec-fed from different cities. 
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2.1 INTRODUCTION 
The first observation of fission ft-agment tracks in solid was made by 
DA. Voung in 1958 at Harwell in England, when he irradiated the LiF 
crystal with fission fragments; etched and viewed it under an optical 
microscope. Just a year later (in 1959) E.G.H. Silk and R.S. Barnes reported 
the observation of the original damage trails of fission fragments in mica 
using a transmission electron microscope (TEM). They found that the 
fission fragments produce material damage alongwith their trajectory in 
mica and that the damaged core region has a diameter of about 50A°-100A°. 
A systematic work on observation of charged particle tracks in solids 
was, however started only in early sixties by a team of three American 
scientists namely R.L. Fleischer, P.B. Price and R.M. Walker, working at 
G.E.C. Schenectady, New York. They found that the heavily ionising 
charged particles produce etchable radiation damage not only in mica but in 
many other insulating solids viz.; inorganic minerals (crystals) and glasses 
as well as organic polymers or the plastics (Fleischer et. al., 1964). They 
showed that the damaged region could be etched by selective chemical 
etching thus enlarging the "latent tracks" to size of a few microns and 
making them visible under an optical microscope. 
Using different heavy ions of various energies from linear accelera-
tors, they observed different thresholds of detection for various solids and 
also developed a semi quantitative theory for the registration mechanism of 
charged particle tracks in solids (Fleischer et. al., 1967). The meteoretic 
minerals, mica and glasses record heavy ions beyond ^"Ne, while the 
polymeric solids or plastics (viz. Lexan, Makrofol, Cellulose acetate. 
Cellulose nitrate etc.) also register the low energy alpha particles besides 
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recording the fission fragments and heavier ions. More sensitive Cellulose 
nitrate plastics (Nixon Baldwin, Kodak Pathe's CN-80, LR-115 etc.) register 
the tracks of all heavy ions down to 0.5 Mev protons. The discovery of the 
most sensitive plastic detector which is diglycol carbonate (trade name CR-
39) by Cartwright et. al., in 1978 revolutionized the applications of plastic 
detectors in cosmic ray studies and radon dosimetry (Fowler and Clapham. 
1982). 
Fossil tracks of fission fragments were observed in geologically old 
inorganic minerals (crystals) such as mica, apatite, biotite, hornblende, 
zircon, quartz, glasses etc. from terrestrial and extraterrestrial samples 
(Fleischer et. al.. 1964) and led to the development of fission track dating 
(FTD) method for age determination (Fleischer and Price, 1964). Soon there 
was an exponential increase in the applications of charged particle tracks in 
solids in the fields of nuclear physics, geophysics, cosmic rays, space 
physics, radiation dosimetry, trace element analysis, biophysics, metallury. 
heavy ion physics etc. (Fleischer et. al., 1965, 1975; Durrani and Bull, 1987). 
Most of the useful information about the development and applications 
of Solid State Nuclear Track Detectors (SSNTDs) can be found in two 
standard books: One written by Fleischer et. al., in 1975 (USA) and the other 
authored by Durrani and Bull in 1987 (England). Also very useful informa-
tion are collected into the proceedings of the international conferences on 
SSNTDs (Benton et.al.. 1989, 1992, 1984; Khan et. al., 1988; Tommasino et. 
al.. 1986; Fowler and Clapham, 1982). 
2.2 TRACK FORMATION MECHANISMS AND MODELS 
Today more than 150 dielectric solids are known which store etchable 
tracks of charged particles passing through them. Fleischer in 1981 has 
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showed that barring a few exceptions, almost all the solids that register the 
etchable tracks of charged particles, have electrical resistivity p> 2000 ohm 
cm and thermal diffusivity of < 0.06 cmVsec. 
Several realistic models (Fleischer et. al., 1975; Durrani and Bull, 
1987) of track formation in solids have been put forward viz. (a) critical total 
rate of energy loss (dE/dx),^, model, (b) critical primary ionization (dJ/dx)^.^_ 
model, (c) critical restricted energy loss (REL),^, model (d) critical second-
ary electron energy loss model (e) critical radius restricted energy loss 
(RREL)^^, model and (f) critical lineal event density (LED)^ .^^  model. Al-
though none of the models fully explains all the observed facts about track 
formation, it is found that for the inorganic solids the (dJ/dx),^.^ criterion of 
Fleischer et. al., (1967) fits the observed data most satisfactorily while for 
the polymers the (REL)^| of Benton (1970) turns out to be most useful for 
all practical purposes. 
Tracks in dielectric solids are generally formed by the positive ions at 
the energies for which the electronic interactions are the dominant mode of 
energy loss of the particle (Durrani and Bull, 1987) . The formation of 
etchable tracks infact takes place in two steps (i) the creation of defect and 
(ii) the relaxation of defect. The former takes place in a time span of about 
10"'- to 10"' seconds while the latter may extend upto one second. 
The heavy ions entering a solid lose energy primarily by coulomb 
interaction with the orbital electrons of the atoms of the target material lying 
along their trajectory. The time span of this interaction is about 10'^ sec. 
Then the cascade process of electronic collision starts and the colliding 
electrons move outward around the particles trajectory producing chemically 
more reactive molecules (in the form of free radicals in polymers) outside the 
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core zone and leaving positive unstable ions along the trajectory. This 
process is over by about 10'^ seconds. The unstable positive ions so 
produced repel each other v^ dth coulomb force and move into the interstitial 
spaces thus creating vacancies into the crystal lattice. This process is known 
as ion explosion and lasts for about lO'^ sec (Fleischer et. al., 1965). 
The atomic defect produced within the core zone is an extended defect 
and aggregates within a time of about 10"'" sec. Finally the relaxation of 
molecular defects takes place by secondary reactions of chemically activated 
species in the volume around the core zone known as 'track halo\ The 
relaxation process takes place on a time scale of one second. 
The diameter of the track core zone produced by interstitial vacancies 
caused by positive ions is of the order of 100 A° or about 10 nm while that 
of the track halo generated by electronic collision cascade lies between 100-
1000 nm (0.1 to 1 ^m). The formation of charged particle track in an 
inorganic solid and an organic polymer are schematically shown in fig. 2.1 
(a.b) while the track zone and surrounding track halo are depicted in fig. 2.1 c. 
The heat treatment of the inorganic solid having latent damage trails 
may erase the tracks due to filling up of the vacancies partially or fully (track 
annealing) (Naeser and Paul, 19^3). Similarly the irradiations of the plastic 
detectors having 'latent tracks' with U. V. light or their exposure to oxygen 
etc. may also affect the track stability and detection sensitivity due to their 
interaction with molecular defects in the track halo (environmental effect) 
(Henke et. al., 1970; Crawfeyot et. al., 1968). 
2.3 TRACK REVELATION BY SELECTIVE CHEMICAL ETCHING 
The original damage trails produced by the incident heavy ion is 
known as 'latent track' as it is not seen even by the optical microscopes. It 
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Fig. 2.1a : The ion explosion spike mechanism for track formation in 
inorganic solids. The original ionization left by the passage of 
a charged particle (top) is unstable, and ejects ions into the 
solid, creating vacancies and interestitials (middle). Later, the 
stressed region relaxes elastically (bottom), straining the un-
damaged matrix, thus forming 'latent tracks' Fleischer et al, 
(1975). 
li) 
Fig. 2.1b : Track formation in organic polymers. The charged particle 
ionises and excites the molecules, breaking the polymer chains. 
The chain ends rarely reunite in the same place, but usually react 
with oxygen or other dissolved gases in the polymer forming 
new species along the particle's trajectory (shown by filled 
cirlce^that are highly chemically reactive. 
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Fig. 2.1c : Radial section of the 'latent track' produced by a charged 
particle in an insulating solid. 
72 
is visible only in electron microscopes. Important applications of nuclear 
tracks in solids started only after the selective chemical etchingjprocess of 
track revelation that was established by Price and Walker in 1962. For 
etching the solid containing latent tracks is dipped in a chemical solution of 
fixed concentration maintained at a particular temperature for a specific 
length of time which is generally determined by trial and error. Although 
every 'trackologist' has to find the etching conditions for his own detector 
system under his own laboratory conditions, a general guideline can however, 
be obtained from the book by Fleisher et. al., (1975). Generally plastics are 
etched in aqueous solution of NaOH having concentration between IN to 1 ON 
and suitable temperatures between 40°C and 70°C. The glasses and micas are 
etched in HF acid (48% or less) for a few seconds at room temperature for 
revealing the fission tracks. It has been found that using lower concentration 
of HF for longer time at room temperature gives better result in case of glasses 
(Mansoor, 1988). Useful etching conditions for revealing fission tracks in 
some commonly used track detectors are compiled in table 2.1. 
Development of etched track (Somogyi, 1980) is the result of compe-
tition between two etching processes: (i) the bulk etching (ii) the track 
etching. In the first process, the surface of the detector is dissolved at a 
constant rate known as the bulk etch rate (V^), while in second process the 
detector material along the particle trajectory is dissolved at a faster rate 
termed as the track etch rate (V^). For the formation of an etched track pit. it 
is necessary that V.^  > V,,. Thus V = V/V,,, known as the track etch ratio, must 
be greater than unity. 
Henke and Benton (1971), Somogyi and Szalay (1973), Ali and Durrani 
(1977) and Somogyi (1980) have discussed the geometry of etched tracks in 
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Table 2.1 
SOME USEFUL ETCHING CONDITIONS FOR 
REVEALING FISSION TRACKS IN SOME 
SOLID STATE DETECTORS 
Name of the Detector Material 
Lithium Fluoride (LiF) 
Apatite [Ca, (F,C1) (PO,),] 
MiCa 
(i) [Biotite, K (Mg, Fe)3 AlSi30,„ (OH)J 
(ii) [Muscovite, KAl^ Si30,„ (OH)J 
(iii) [Phlogopite, KMg^Al,Si,0,„(OH)J 
Glass 
(i) Soda lime glass slide 
(ii) Phosphate glass 
Cellulose Acetate Plastics 
(Cellit. Kodacel, Triaphol T) 
Cellulose acetate Butyrate 
Cellulose nitrate (Diacell. 
Nixon-Baldwin) 
Polycarbonate Plastic 
(Lexan, Makrofol, Merlon, Kimfol) 
Polyethylene 
Polyethylene terephthalate 
or (Mylar, Chronar, Melinex, 
Terphane) 
Dyglycol carbonate 
Plastic (CR-39) 
Etching conditions for fission track 
up + 0.13 gm/1 LiF + 0.5 ppm Fe, ZS-C, 
1 min. 
0.25% HNO3, 23»C, 1 min. 
20% HF, 23°, 1-2 min. 
48% HF, 23''C, 10-40 min. 
48% HF, 23''C, 1-5 min. 
48% HF, 23''C. 5 sec. 
(better 5% HF, 23°C, 2 min) 
48% HF, 23"C. 5-20 min. 
25 gm NaOH + 20 gm KOH + 4.5 gm 
KMnO^ + 90 gm H^O at 50"C, 2-30 min. 
or 
1ml 15%NaC10 + 2ml6.25NaOH, 40"C. 
1 hours 
6.25N NaOH, 70"C, 12 Min. 
6.25N NaOH, 23"C, 2-4 hour 
6.25N NaOH, 50"C, 20-60 min. 
10 gm K^Cr^O^: 35 ml 30% H,SO^. SS'-C. 
30 min. 
6.25N; NaOH; TO'C, 10 min. 
6N, NaOH 60"C, 1 hour 
6N NaOH, TO-C, 2 hour 
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great details for the isotropic as well as anisotropic solids. 
For the isotropic solids the bulk etch rate (V^.) is found to be an 
exponential function of concentration and its temperature T (Fleischer et. al., 
1965). For a given concentration of the etchant, V .^ obeys pyrhkhius.. relation 
of the form. 
V„ = A exp (-E,/K T) 
where A is a fitting constant, K is Boltzmann constant, T is temperature in 
Kelvin and E^ is known as activation energy of bulk etching. . , . ^ 
The track etch rate (V.^ ) is a function of the particle energy. It is also 
a material parameter i.e. for a particle of given charge and energy. V^ 
depends on the detector material, the etchant temperature and concentration. 
For a particular particle track in a particular detector etched in a given 
concentration of etchant, V^ also generally, obeys Airrherjlus relation of the 
form. 
V^ = B exp. ( -E/KT) 
Here E.j^  is called the activation energy of track etching. The order of 
activation energy for bulk etching is <1 ev while for track etching is still 
smaller. 
The track shapes, their etched length, cone-angle, diameter, etc. can 
be derived using the concept of bulk and track etching for the case of 
homogeneous solids (plastic and glass) as well as heterogeneous crystals 
making certain assumptions (Somogyi and Srivastava, 1971, Somogyi and 
Szalay, 1973). The fact that V.^^ is also a parameter of particle energy and 
charge Z, has been utilized for cosmic ray particle identification using 
SSNTDs, in the astrophysical and planetary studies (Price and Fleischer. 
1970, 1971). 
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Another kind of chemical etching known as electrochemical etching 
(ECE) was introduced by Tommasino (197*5) to reveal and enlarge the 
tracks quickly. In this type of etching the detector containing latent damage 
trails separates the etchant into two compartments and each compartment 
has an electrode. Due to electric break down and "treeing" phenomenon, 
enlarged "bushy tracks" appear. The advantage of ECE is that it enlarges 
the tracks to very large size in much smaller time and may be used with 
advantage in low level counting experiments. 
2.4 TRACK VISUALIZATION AND EVALUATION 
The most popular method of track visualization and evaluation is 
based on using a binocular research microscope at magnification of 100 X 
to 1000 X. It facilitates the counting of number of tracks and measurements 
of the parameters of etched tracks viz. their diameter; length, cone angle, 
dip. angle etc. Visual track observations in optical microscope is very good 
method, but it is tedious and time consuming. Some advanced laboratories 
have started using semi automatic or completely automatic method (Monin. 
1980) for etched track evaluation such as jumping spark, counter (Cross and 
Tommasino, 1970), quantimat or image analyser system and microproces-
sor based systems. Except the jumping spark counter which has limited 
applications, others are very expensive costing several lakhs of rupee. 
In certain applications direct projection of etched tracks using a slide 
proje9tor or a projection microscope may be employed. For very high track 
density evaluation, reflectance and transmittance of light (optical density) 
measurements have also been found useful (Somogyi and Srivastava, 1971). 
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SNTD TECHNIQUES FDR 
TRACE ANALYSIS OF 
URANIUM 
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3.1 INTRODUCTION: 
Uranium is a radioactive element having the highest atomic number of 
all the naturally occurring nuclides. It is found in all the rocks, ores, soils, 
earth crusts and different typejof water etc. in \?q\-fm5 proportions. Mostly 
uranium is found in hexavalent and tetravalent states instead of the +2, +3, 
+5 valence states. The hexavalent state of uranium in water is most important 
because all the tetravalent compounds of uranium are practically insoluble 
(Cothem and Lappenbusch, 1983). 
Natural uranium has three isotopes ije^  " sy (99 270/^) 235u (Q. 72%) and 
-^ ^U (0.006%). Since uranium is ubiquitous in nature, it is transferred to the 
inner part of human body through food and drinking water etc. and there its 
alpha radioactivity causes greater health hazards than due to its external 
presence. Therefore the analysis of uranium in various solid materials (ie. 
rocks, vegetables, cereals, wheat, tea, tobaccos, coal, soils etc.) is most 
important from the point of view of health services and environmental 
radiation protection. The advices on health effects from these materials are 
given by several agencies in the world like the U.S. Environmental Protection 
Agency and Division of Radiological Protection, BARC (India) etc. 
Various reliable methods (Fisher, 1975) are available for Uranium 
determinations for example; 
(a) Isotopic dilution mass spectrometry, 
(b) Activation analysis, 
(c) Fluorescence, 
(d) Delayed neutron counting, 
(e) Radiometric method. 
m 
(f) Alternating current polarography. 
In the following lines we first briefly review these methods and then 
describe the SSNTD techniques which have many distinct advantages. 
3.2 RELATIVE STUDY OF THE PREVALENT TECHNIQUES FOR 
URANIUM ESTIMATION 
3.2.1 Mass Spectrometry 
This method can be used for Isotopic analysis. Although this is very 
accurate and sensitive, nevertheless it has some shortcomings as for example, 
(i) This technique is very expensive. 
(ii) A high level of training is necessary before taking observations, 
(iii) Each observation is so difficult that its use is not advisable in those 
cases where several samples are to be analysed. 
(iv) The problem of contamination level causes several other difficulties 
especially at the ppb levels, 
3.2.2 Activation Analysis 
This method has relatively low cost and has no contamination 
problems. The shortcomings in this technique are the following: 
(i) Uranium analysis is most difficult with this method because it is 
generally done by separating one selected fission product from all the 
host produced, 
(ii) Nuclear reactor is necessary in this technique, 
(iii) The experimenter is required to be v^thin the experimental distance of 
a reactor. 
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(iv) This gives results with an accuracy of ± 10% 
3.2.3 Fluorescence Technique 
This techniques is very cheap and rapid but the shortcomings in this 
method are that 
(i) This can be used only for ppm limit of Uranium determination. 
(ii) Contamination always creates problems. 
3.2.4 Delayed Neutron Counting 
This technique is very rapid but not much sensitive. The short comings 
in this method are the following; 
(i) Nuclear Reactor is necessary for this technique too. 
(ii) It also requires the experimenter's presence near the reactor, 
iii) It gives ± 10% accuracy and the problem of contamination is same as 
with the other methods. 
3.2.5 Radiometric Metliod 
This method is also cheap and rapid but the difficulty arises due to the 
requirement of large size of samples. Uranium can be determined up to ~ ppm 
limit. 
3.2.6 Alternating Current Polarography 
This technique is cheap and fairly rapid. But the disadvantage of this 
method is the determination of uranium up to ~ ppm limit. 
3.3 The SSNTD Technique for Uranium Determination 
The Solid State Nuclear Track Detector technique first reported by 
KZ 
Price and Walker (1963a. b) has unique capabilities for measuring the 
concentration of uranium via the detection of fission fragments in samples 
irradiated with thermal neutrons and counting the resulting density of tracks. 
This technique is very cheap and rapid. The contamination problems are 
recognizable if not avoidable. It requires small size of samples and can be 
used to lowest levels (Sub-ppb mapping). 
Although a nuclear reactor is also necessary for this technique but it 
does not require the experimentalist's presence near the reactor. In this 
method the prepared samples are sent to nuclear reactor for neutron irradia-
tion in the "service facility" of the reactor. After irradiation, the samples may 
be allowed to "cool" as long as necessary before commercial shipment to the 
experimenter. The experimenter after suitable etching can collect data at his 
convenience in his own laboratory. 
Since SSNTD technique of uranium estimation is based on "^U (n,f) 
reaction, the isotopic abundance is required to be known accurately. Where 
isotopic abundance -''''U/"'*U alters, and is unknown, this method is not 
applicable. 
3.4 URANIUM ANALYSIS IN DIFFERENT SOLID MATERIALS 
BY THE SSNTD TECHNIQUE 
The SSNTD technique has become very useful for trace element 
analysis. Besides it has been put to many other applications in Nuclear 
Physics, Geophysics, Medical Sciences and Environmental Studies and 
Radiation Protection etc. (Fleischer et. al., 1975; Durrani and Bull, 1987). 
Several workers (Danis, 1986; Fisher, 1970a,b; 1972a, Geisler et. al.. 
«3 
1974a, Kleeman and Levering, 1967; Nagpaul et. al., 1973a; Price and 
walker, 1963a,b; Fleischer et. al., 1964,1965a,b) have used it for the analysis 
of uranium concentration in various solid materials i.e. tobaccos, plants, 
soils, coal, vegetables, milk powder etc.. 
Here we describe some useful situations of its applications for uranium 
analysis. 
3.4.1 Determination of Uranium in Homogenous Solid Materials 
The method is applicable to the homogenous solids having uranium 
concentration > 50 ng/g (0.050 ppm). In this method a uranium-poor track 
detector, for example Plastic track detector, is kept in perfect contact with the 
sample whose uranium concentration is to be determined. A standard glass or 
some other material of known uranium concentration is placed on the 
opposite side of the same detector. This type of combination of known, and 
standard samples is shown in Fig. (3.1). This combination is irradiated with 
thermal neutrons in a nuclear reactor. 
The interaction of neutrons produces fission of U"^nuclides and the 
tracks of fission fragments are registered as latent tracks in the plastic 
detector. Even if Th-^- is also present in the sample, its contribution will be 
negligible to the total tracks in the plastic from the (n,f) reaction because 
thermal neutrons have a cross section of 580 barn for U-''' (n,f) reaction 
while for the Th-232 (n,f) reaction, the cross section is only 40 microbarn. 
After irradiation the detectors are washed and etched in a suitable 
chemical etchant. Proper etching reveals the latent tracks of fission frag-
ments and makes them visible under optical microscopes. 
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The uranium concentration of the unknown material having the same 
elemental composition as the standard material is given by the following 
relation (Fleischer et. al., 1975) 
C,(U) = ( _ i - ) ( - ^ ) q ( U ) (3.1) 
K Ps 
where subscripts x and s refer to the unknown and standard respectively, I is 
the isotopic abundance ratio of "*U to "*U, and J^ the track density induced 
by fission tracks in the detector. 
When the elemental composition of the unknown is different from that 
of the standard then the U-content in solids has to be estimated by a slightly 
modified relation 
C J U ) = C (U) (_^) ( - 1 ) ( A ) ....(3.2) 
K K Ps 
where R represents the effective range (in mg/cm-) of fission fragments in 
the sample material. This quantity (R) increases with increasing Z because 
of the tighter bonding of atomic electrons. If this term is ignored it will cause 
gross errors in the uranium determination. In the simple cases where we 
assume (i) that the isotopic abundance ratio U-'^/U"" is the same in the 
unknown and standard samples, so that I/I^ is equal to unity, and (ii) that the 
ranges of fission fragment in the unknown and the standard materials are also 
equal (which is not always true), then the above formula for the estimation 
of uranium in solid materials is reduced to the simplest form 
C^(U) = - ^ C (U) (3.3) 
where the terms shown in the above formula have their usual meanings. 
K6 
In those cases where the second assumption is not fully satisfied, the 
ranges of fission fragments in various Z materialshave to be estimated which 
can be done from the plot (Fleischer et. al., 1975) shown in fig. (3.2). This 
figure shows that in the elements having atomic number below 50, there is 
a monotonic increase in the ranges with atomic number with the exception 
of one point Cu^^ and the two sets of observations agree with each other to 
about 5%. Above Z ~ 50 the absolute determination of U is probably no better 
than 20%. Standards of high Z composition would improve the ability to 
measure absolute values. 
An additional complication arises if the unknowTi sample is crystalline 
and not amorphous. In this case it is possible to get anomalously high 
transmission along certain crystal axis (Mory, 1969). Although these effects 
have not been studied in most materials, they are expected to contribute < 
10% error to the absolute uranium determination (Fleischer et. al., 1975). 
The uranium in homogenous solid samples determined by this method is well 
within 10% accuracy 
3.4.2 Determination of Uranium in Heterogeneous Solid Samples 
Many geological materials show considerable discrepancies in the 
distribution of uranium. Fisher (1970) modified the fission track analysis 
technique to make it suitable for whole-rock U-determination for the solid 
materials containing heterogeneous U-distribution. The degree of heteroge-
neity of the U-distributions within the total rock/solid can be removed by 
crushing the sample to a scale that is much finer than the scale of the 
heterogeneities. Thoroughly crushed solids are passed through a 100 - mesh 
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sieve. A homogenous mixture of accurately weighed sample powder and 
methyl cellulose are used for making a pellet of target samples. Such pellets 
of samples are sandwj^^hed between two detector discs of same diameter 
(Fig.3.3) and irradiated with thermal neutrons in a reactor. 
The etching, counting and calculations are performed in the similar 
manner as in article (3.4.1). It is then found - that the track density 
of both powdered and unaltered glass standards remains same (Fisher (1970). 
The uranium concentrations within the particles which are smaller than ~ 100 
jum will pass undisturbed into the powdered rock surface and will show 
countable clusters of tracks in the plastic detectors. In some cases clustering 
effect is found to be large and the tracks are not countable. In these cases it 
is difficult to decide the average uranium concentration by this method. 
Some results of variation in the U-concentration due to clusters 
reported by Fisher in 1970 are reproduced here in table 3.1. In case of G,-
granite and GSP-1 grandiorite he stated that due to large clustering effect 
average uranium could not be estimated. 
Such cluster effect can be removed by the thermal and chemical 
treatment of the unknown sample taking into consideration the following 
important conditions: (i) the uranium content of the given amount of sample 
material under both chemical and thermal treatment should remain constant, 
even if the U-concentration varies as a consequence of the mass variation of 
this amount (ii) the final elemental composition of the changed sample 
material does not essentially differ from initial elemental composition. 
These treatments are as follows: a given quantity of the sample is 
treated with 3N HNO, and heated until all the uranium present in it is 
completely dissolved. Thus attained uranyl nitrate is converted into UO, 
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under a controlled infra-red evaporation and heating. Thereafter the sample 
is heated upto < 400"C in order to change UO, into suitable stable chemical 
form, UjO .^ This treatment gives a redistribution of the Up^ in solid state 
form. 
Thus uniform track distribution patterns are obtained. Therefore the 
heterogeneous track distribution can be converted into homogenous distribu-
tion by this process. The same treatment can be used for any powdered 
samples that are to be analysed by one of the track methods (article 3.4a or b). 
3.4.3 Another Geometry for Using SSNTD Technique for tlie Trace 
Analysis of Average Uranium in Heterogeneous Solids 
Geisler et. al. (1974) had suggested another method for such solids. 
The schematic diagram of this arrangement is shown in fig. 3.4. In this method 
the detector is placed at a fixed distance from the samples in powdered form 
and the irradiations are performed in vacuum. 
In this type of irradiation a uniform pattern of tracks is observed 
instead of the fission "stars" due to the separation between the sample and the 
detector. 
This geometry gives 5% accuracy in highly heterogeneous lunar 
samples as small as 15 mg in mass (Geisler, 1974a). However, a large area 
is required to get a representative number of exposed high-uranium regions. 
3.5 DETERMINATION OF URANIUM IN LIQUID MATERIALS BY 
SSNTD TECHNIQUE 
Basically, there are two methods which are used for the trace analysis 
of uranium in liquid materials. One is known as "Dry" method, in which a 
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Fig. 3.4 : Schematic diagram of cell used for determination of average 
uranium concentration in samples with highly heterogeneous 
distribution of uranium. Typically a number of such cells are 
mounted in an evacuated quartz cylinder for neutron irradiation. 
After Geisler et al (1947a). 
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very thin deposit of dried drop on a planchet is kept in perfect contact with 
the detector. This method requires counting of total number of tracks instead 
of track density because the track distribution pattern produced by U^" (n,f) 
reaction in the U-content of dried drop is not uniform throughout. 
The other is the "wet" method where strips of plastic detectors are 
immersed in the fissile material solution and are together irradiated with 
reactor neutrons. This method gives a uniform track distribution pattern. 
Hence only average track density is required for the determination of 
uranium in liquid instead counting the total no. of tracks. 
Several workers have used the above techniques for uranium estima-
tion in various liquids ie. waters, blood, fruit, juice, milk etc. (Cothern and 
lappenbusch, 1983; Gamboaet. al., 1984; Das et. al., 1986; Lai et. al., 1975; 
Singh et. al., 1984; Ramola et. al., 1988; Iyer et. al., 1973, 1974; Fleischer 
et. al., 1968, 1976; Prasad et. al., 1988; Bansal et. al., 1990; Pengji and 
Tiesheng, 1988). The basic principle of both "Wet and Dry" methods is based 
on the fissioning of U-" by thermal neutrons. In both cases the samples 
containing knov^ and unknown amount of uranium are irradiated v^th the 
same fluence of thermal neutrons. 
3.5.1 Wet Method 
Iyer et. al. in 1973 and 1974 made a detailed discussion on the 
experimental implications of the method. 
In this method the liquid samples are taken in a polypropylene tubes 
of internal diameter 2-3 mm and a strip of the detector is immersed in each 
of them and then sealed. Also natural uranium solution of known concentra-
tion made in 3M HNO, is taken as standard solution and is sealed along with 
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a plastic detector strip in the same way as for the unknown sample. 
The tubes containing standard and unknown samples are then doubly 
sealed in the PVC bags. These sample tubes along with the standard samples 
are irradiated with thermal neutrons in a nuclear reactor. After irradiation the 
detectors are washed with nitric acid and water and then etched. 
This method is applicable for solutions containing fissile materials. In 
this case the resulting track density on either side of the detector is given by 
(Iyer et. al., 1973) the relation as, 
N I o,(t), 
p = K , C '^ ' (3.4) 
r wet A ^ ' 
where C is the concentration (weight/volume) of uranium in the 
solution, K^^ , is a constant of proportionality (in cm) which is defined as 
absolute track registration efficiency in solution. The value of K^^ , depends 
upon the detector used, etching conditions and average range of fission 
fragments in the solution, I is the isotopic abundance of the fissile isotope 
U"^ in the natural Uranium (7.2 x 10 •^ ), CT^. is the fission cross-section (580 
barn) for the fissile isotope, ([), is the integrated flux in neutrons/cm^ N is the 
Avogadro's number (6.02 x 10" per gm mole) and A is the atomic number of 
the U"-" expressed in gm (235 gm). 
If p^  and p^  are the track densities ofstandard and unknown samples, 
then the eq (3.4) can be written as, 
Ps = K. C (N/A) I a,(^. (3.5) 
P. = K. C.(N/A) I a,(l,. (3.6) 
By dividing eq. (3.6) and (3.5) we get 
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C = '^^  C (3.7) 
Ps 
Thus the uranium in the unknown solution can be calculated by 
knowing the values of p,, p^ and C .^ In this case the track densities for both 
standard and unknown samples (p^ & p^) can be obtained by optical 
scanning in the middle portion of the detector strips. C^  is the known 
concentration of uranium for the standard solution. Practically it is found that 
the track densities are quite uniform on the detector strips and no clusters are 
obtained. 
This method is very useful for routine analysis of fissile material 
because it requires the number of tracks per unit area (i.e. track density) 
instead of the counting of total number of tracks. Since the track density is 
directly proportional to the amount of fissile isotope per unit volume, there 
is no self absorption and the linearity is maintained in the concentration 
range of 8x10'' gm/ml to 4x10"^ gm/ml uranium. The time of scanningin this 
method can be reduced from a few hours to a few minutes due to counting 
of only few fields of the detector for track density. It is very simple and even 
better than the case where a U-planchet is made by vacuum evaporation 
method. It is more accurate, precise and very rapid than the dr>' method when 
the fissile material present in solution is in milligram per mililitre amount. 
The overall estimated accuracy of this is about 2.5%. 
Though, this method has several merits which are discussed above, it 
has some demerits viz. it is applicable where the estimation of uranium in the 
concentration range of 8x10'' gm/ml to 4x10- gm/ml is needed. When the 
determination of uranium in the amount less than nanogram per mililitre is 
required, this method gives no more reliable results. While by using "Dry" 
% 
method, one can estimate uranium in the nanogram per mililitre or still lesser 
level. Thus the Wet method is less sensitive than the dry method. Therefore 
we have used the dry method for the determination of uranium in water 
samples in chapter 5 instead of the "wet" method. 
3.5.2 Dry Method 
This method was first used by Fleischer et. al. in 1968 for the 
determination of uranium in water. In this method a liquid droplet of known 
volume (V) is allowed to evaporate on a plastic detector. This leaves a thin 
residue of nonvolatile constituents, including the fissile material. Another 
similar piece of the plastic detector is kept in intimate contact (2 7C-geometr>') 
with the dry planchetted fissile material. Such 'sandwiches' alongwith one 
having a piece of standard glass sealed in PVC bags are irradiated with 
thermal neutrons in a nuclear reactor. 
The thermal neutrons induced (n,f) reaction with U-target nuclei 
present in the thin deposit and produce fission fragments which are registered 
in the plastic detectors. When these detectors are etched in a proper etchant 
under suitable etching conditions, the tracks are made visible under optical 
microscope. In this case total number of tracks must be counted to eliminate 
the effects of non-uniformity in the deposit film. 
The U-concentration (C) in units of weight/volume of liquid is calcu-
lated by (Fleischer et. al., 1968) the following relation 
TM 
VGNT^FO ^^'^^ 
where N^ is the Avagadro's number, M (238.03) and a (4.2 x lO'^ ^ cm-) are 
the atomic weight and reaction cross section of the natural uranium respec-
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lively, G is the geometry factor for the detection of tracks in the plastics. In 
this geometry G is equal to unity because two fission fragments are produced 
per reaction and half of these reach each detector plate if the uranium deposit 
is thin. E is the etching efficiency required to correct shallow tracks that are 
not revealed by etching (Fleischer et.al., 1965a). For the sandwich geometry 
E is given by 
E= 1 -i^y ....(3.9) 
T 
where VJW^ is the ratio of bulk etch rate to track etch rate. The value of E 
will be appreciably less than unity for the detection of particles whose 
ionization rate is close to threshold of detector or when ordinary glass is used 
as a fission fragment detector. 
The integrated neutron flux denoted by (j) (neutron/cm^) can be found 
with the help of standard glass dosimeter using the relation given by 
Fleischer and Lovett. 1968 viz. 
(t)=Kp (3.10) 
Where p is the track density on the freshly opened surface of the standard 
glass dosimeter which has been irradiated with thermal neutrons alongwith 
the sandwiches of unknown samples and K is the conversion constant for the 
glass used. 
Later a detailed description on the experimental implications of 'dry' 
method (in which detector is kept in perfect contact with the dry planchetted 
target) was given by Iyer et. al. (1973, 1974) who used the following relation 
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T= K^,l W (N/M) G, 0, .... (3.11) 
where T is the number of fission tracks registered on the plastic detector, W 
the amount of uranium in gm, K^^  the proportionality constant which gives 
a measure of track registration efficiency of the detector and is dimension 
less, N the Avogadro's number (6.02 x 10" molecules per gm mole), I is the 
isotopic abundance of U"^ in the natural uranium (7.2 x 10^ )^, G^  the fission 
cross-section for the fissile isotope U" ' (580x10^" cm^), M the gram atomic 
weight of uranium (U"'), the integrated thermal neutron flux or fluence (([),) 
in neutrons/cm-. 
If S and X are the subscripts for standard and the unknown samples 
respectively, then the above equation for standard and unknown samples 
irradiated with the same neutron fluence, may be written as 
T =K^^W^(N/M) lG,(t). (3.12) 
T. =K^, W JN/M) I G, (t), (3.13) 
By comparing eq (3.13) and (3.12). we have 
W, = - i W^  (3.14) 
Thus the amount of uranium on the unknown planchet in gm is 
obtained by counting the total number of tracks produced by unknown and 
standard planchet and by the knowledge of the mass of uranium on the 
standard planchet. Since the volume of the drop dried on the standard 
planchet is known, the uranium concentration (gm/cc) of the unknown drop 
may be determined. 
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The terms E and G in eq (3.8) given by Fleischer et. al. (1968) are the 
etching efficiency of the detector and geometry factor (G=l for this 
geometry) respectively, While the constant of proportionality K^^  in eq 
(3.11) given by Iyer et. al.(1973, 1974) is a term related to the etching 
efficiency of the detector. In fact for this geometry K^ ^^  = E G. The basic 
difference between the formula of Iyer et. al., and Fleischer et. al., is that Iyer 
et. al., used the terms M, a^  for fissile isotope (U^") while Fleischer et. al., 
^ .dv fiisioncross-iettifin fo"'' 
used for natural uranium. Fleischenhave used natural) uranium instead of U"^ 
used by Iyer et. al., hence the term I has no place in eqn. (3.8). 
The dry method is very sensitive and can be used for the determination 
of uranium in amounts even less than a nanogram per mililitre. The effects 
of non-uniformity in the thin deposited film can be eliminated by counting 
the total number of tracks. The accuracy achieved by this method is about 
3%. Since 100 tracks per square centimeter can be counted easily, concen-
tration of uranium down to 0.002 |Lig/l can be determined. The background 
of tracks from uranium in the detector itself is negligible since it contains a 
concentration of roughly lO'- uranium atoms per detector atom (Fleischer 
andLovett, 1968). 
Inspite of all such merits, this method has some specific demerits as 
discussed below. 
Generally a non-uniform distribution of tracks (i.e. high track density 
on the periphery in comparison to the middle portion of the dried drop) is 
obtained in the 'dry method' as shown in fig (3.5). Therefore the counting of 
total no. of tracks in the entire area of the dried drop is required and that is 
very time-consuming and tiring. Very often clusters of fission tracks (sun-
1(H) 
?*•'.» - N * •••«"> * '. , " 
"^m X • -
Fig. 3.5 : Etched fission track distribution pattern of deposited residue of 
uranium on the detector surface from a evaporated droplet. 
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burst type) occur in this method that make the scanning difficult and 
inaccurate. 
Fleischer and Delany (1976) explained that the clusters and non-
uniformity of tracks in water samples were due to the presence of a variable 
mass of suspended uranium- bearing particles. There are many factors which 
affect the abundance of such particles in water samples i.e. flow velocities, 
degree of turbulence, local geology and vegetation. 
Although the eqn. (3.8) given by Fleischer et.al., is best for counting 
the entire tracks associated with a drop, often high track abundances make it 
cumbersome to do so. Therefore Fleischer and Delany (1976) suggested a 
new method for evaluating total number of tracks in the cases where such 
high track abundances occur by using the expression 
N = 27r RN^ + 71 (R-s_)2 N^ (3.15) 
where N is the total number of tracks, N^ the constant number of tracks per 
unit length along the rim of the distribution, N^ is constant number of tracks 
per unit area in the interior distribution of tracks in the droplet, R the radius 
ofthe circular track distribution of the droplet and s the width of radial non-
uniformity near the rim and is much less than R. 
When the drop is not exactly circular but slightly elliptical, straight 
forward variations on eq. (3.15) can be used. Experimental range ofthe ratio 
7lN^ (R-s)V27rRNj^  is generally found to vary between 0.15 to 1.6 with a 
median of 0.3. 
Here overcrowding of tracks and non-uniformity in their spatial 
distribution causes some other problems for example, if the track density 'N^ 
U)2 
is very high in the rim region, a separate irradiation with a lower neutron flux 
is needed. Fig. 3.5 shows that the track density Nj^  is resolvable in part but 
not along the entire portion of the rim. This means that N^^ varies 
circumferentially. Where such cases exist either a full count of the periphery 
or a series of equal spaced measurements around the circumference is 
required. Fleischer and Delany also found that drop to drop variations exceed 
somewhat those expected from the bare statistics for individual determina-
tions, which are typically ± 10%. More extensive sampling of the tracks is 
necessary for greater reproducibility. 
1«3 
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cl^apter - 4 
STUDY OF FISSION TRACK 
DETECTION CHARACTERISTIC 
OF SOME PLASTIC 
DETECTORS 
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4.1 INTRODUCTION 
The insulating solids which are capable of recording the tracks of 
heavy charged particles are known as solid state nuclear track detectors 
(SSNTD) for example, the minerals (viz., Epidote, Olivine, Mica, Zircon, 
Sphene, etc.), natural and man-made glasses (viz, Sodalime glass, Tektite 
glass. Volcanic glass, phosphate glass etc.), and organic polymers or plastics 
(viz. Cellulose nitrate. Cellulose acetate, polycarbonate. Polyethylene tereph-
thalate, Diglycol carbonate (tradename CR-39), KodakPathe'sLR-115 etc). 
A list of some well known SSNTDs (i.e. Inorganic and Organic solids) in 
approximate order of their sensitivity alongwith their atomic composition 
and least ionizing particle that has been detected by them is given in table 4.1 
(Fleischer et. al., 1975). The track registration behaviour of a detector 
material depends on the particular etching conditions, particular formulation 
of a plastic and exposure to various experimental conditions. 
It is seen that the plastics in general are the most sensitive class of 
solids. Among Hastics the diglycol carbonate (viz. CR-39 plastic) is the most 
sensitive and can even record the tracks of 1 Mev protons while polycarbon-
ates can not register them. Polycarbonates register the etchable tracks of very 
low energy a-particles and all other heavier ions including fission fragments 
while the polyethylene terephthalate can only records the tracks of heavier 
ions above B. 
The threshold characteristics of different solids can be understood in 
terms of critical value of primary ionization (dJ/dx),^^ (Fleischer, 1967) or 
Critical value of restricted energy loss rate (REL)^ ^^ ^ or (dE/dx)^ ^ ^^^.^ 
(Benton, 1970). Every SSNTD has a critical value of material damage above 
which latent tracks become etchable. These threshold values for various 
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Table 4.1 
LIST OF SOME TRACK RECORDING SOLIDS IN 
APPROXIMATE ORDER OF INCREASING 
SENSITIVITY 
Name of Solid 
Olivine 
Zircon 
Quartz 
Muscovite Mica 
Silica Glass 
Tektite Glass 
Soda Lime Glass 
Polyethylene 
Polyethylene 
Terephthalate 
(Cronar, Melinex) 
Bisphenol A-poly-
carbonate (Lexan, 
Makrofol, Kimfol,Merlon) 
Cellulose Triacetate 
(Cellit-T, Triafol-T, 
Kodacel TA 401,1, 
unplasticized) 
Cellulose Acetate 
Butyrate 
Cellulose Nitrate 
(Daicell, Nixon Baldwin) 
CR-39 
Atomic 
composition 
MgFeSiO/ 
ZrSiO, 
4 
SiO, 
KAl^Si^O,^ (OH), 
SiO, 
22Si02:2Al,0,:FeO 
ZSSiO,: 5Na,0: 5CaO 
CH, 
CsH.O, 
C„H,A 
C^Hp, 
C„H,A 
C,.H,0,N, 
C,.H,0, 
Least ionizing 
ion detected 
lOOMev'^^Fe 
10 Mev^^Ar 
100Mev^"Ar 
2 Mev 2"Ne 
16Mev^«Ar 
2-4 Mev^^Ne 
20 Mev 2"Ne 
Fission fragments 
28 Mev '"N 
0.3 Mev^He 
3 Mev ^He 
3 Mev ^He 
0.55 Mev 'H 
<0.55 Mev Proton 
1(>7 
solids are shown in fig (4.1) by horizontal lines (Fleischer, 1967). 
Most of the workers have used Lexan and Makrofol plastics while very 
few have used the Melinex-0 plastic which is better than Lexan and Makrofol 
in that it does not register the tracks of low energy a-particles. Moreover it 
shows much less surface etch pit or background that can be ignored in 
comparison to Lexan and Makrofol. 
In this chapter we present the results of our study on etching charac-
teristics of the fission tracks in some solid state nuclear track detectors viz. 
Lexan, Melinex-0 and Ma-rkrofol-DE . The calculated values of etching 
efficiency for fission track revelation in these detectors are also given. 
4.2 EXPERIMENTAL DETAILS 
4.2.1 Detectors and Source of Fission Fragment Used 
The solid state nuclear track detectors which we have used are listed 
in table 4.2 alongwith the names of their manufacturers. A spontaneously 
fissioning source of g^ ^Cf" in the form of planchet. imported from Oak Ridge 
National Laboratory, Tennessee 37830, U.S.A. was used for irradiation of 
detector with fission fragments. The original activity at the time of shipment 
(in 1980) was about l^Ci. 
The source had been prepared by the deposition of 27 x 10'- gm of 
CF" in a circular area of diameter 1.00 cm on a Nickel planchet of about 3.00 
cm diameter and 0.254 mm thickness. This source is capable of producing 
fission fragments as well as 6 Mev a-particles. This source now has become 
too weak and it takes about 24 hrs for irradiation to get a track density of the 
order of 10^  tracks/ cm .^ 
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Fig.4.1 : Threshold characteristics of various SSNTDs according to the 
critical (dj/dx) criterion of Fleischer et al (1967). 
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Table 4.2 
DETAILS OF PLASTIC TRACK DETECTORS USED IN 
PRESENT INVESTIGATIONS 
Name of Detector Name of Manufacture Original 
thickness (^m) 
Lexan (Bisphenol 
-A polycarbonate) 
General Electric 
Plastics Dept.-8030 
Mt. Vernon, Indiana 
U.S.A. 
250 
Melinex-0 
(Polyethylene 
Makrofol-DE 
(Bisphenol A. 
polycarbonate) 
Imperical Chemical 
Industries Ltd. 
England 
Farbenfabriken 
Bayer, A.G. Lever 
Kusen, F.R. Germany 
100 
175 
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The CF" - source can not be used for exact calibration of the 
detectors, because the fission fragments emitted by it have a continuous 
spectrum of mass, charge and energy. The fission fragment peaks produced 
by this sample are at 108 and 142 amu corresponding to light and heavy 
fission fragment groups. The conservation of momentum shows that the 
heavier fission fragment carries smaller energy of ( ~ 65 Mev) and lighter 
fragment carries larger (-100 Mev) out of total 200 Mev energy released in 
fission. 
4.2.2 Irradiation, Etching and Measurements 
The passive detectors were cut into sizes of 2x2.5 cm- and exposed to 
gjjCF" fission fragment source in 2 TI - geometry with the help of a punched 
card sheet of thickness equal to that of a post card. Thus, fission fragments 
of almost full energy but entering the detector at all angles were recorded 
The fission fragments whose entrance angle were greater than the critical 
angle for the detector would give etchable tracks. 
The minimum etching time for the revelation of fission fragment tracks 
in the three plastics namely Lexan-8030, Melinex-0 and Makrofol-DE 
etched in 6N NaOH solution at 60°C is 10 minutes. Under these conditions 
the observed projected etched track length is greater than 3 microns and is 
easily measurable by using a calibrated micrometer eyepiece. 
In our measurement the plastics were etched in 6N NaOH etchant at 
60°C. The etching solutions were prepared in double distilled water. The 
plastic detectors were etched by suspending them in a conical flask (contain-
ing the etching solution) and placing in a high precision thermostatic water 
I l l 
bath provided with contact thermometer that could maintain a constant 
temperature within ± 0.1 °C. After that the detectors were washed with 
running tap water and double distilled water up to 30 min. and then dried by 
putting them separately at a distance of 50 cm from an infra-red lamp so as 
to avoid undue heating. A fresh etching solution was used after etching of 2 
to 4 samples to minimize the effects on etching rates due to change of 
concentration and accumulation of etch products. 
A Japan-make dial type thickness gauge having a least count of 1 ^ m 
was used for the measurement of thickness of the detectors before and after 
each etching. Each data of thickness is the mean of at least 30 measurements 
for each etching time. The bulk etch rate (VQ) of the plastic track detectors 
were calculated from the graph plotted with these measurements. 
The projected track length of the longest tracks observed has been 
measured with the help of a Poland-make screw micrometer eye-piece (OK 
15 X) having a least count of 0.1163 \im at a magnification of 750 X. The 
projected track length data are the average values of measurements made for 
the longest observed tracks in a field over 50 different fields of view. 
The track density was evaluated with the help of the Huygen 's eye-
piece fitted with a square graticule and calibrated with the help of a stage 
micrometer slide (Japan-make). 
4.3. RESULTS AND DISCUSSION 
4.3.1 Fission Track Registration Characteristics of Lexan-8030 Plastic 
Track Detectors 
The observed average values of thickness of the detector, projected 
track length for g^CP^^ fission fragment tracks registered in Lexan-8030 
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plastic track detector etched in 6N NaOH solution at 60°C as a function of 
etching time are shown in table 4.3. A plot of removed layer from the single 
surface of the detector as a function of etching time is shown in fig 4.2a. The 
slope of the straight line gives the bulk etch rate (V^) of the detector. The 
value of bulk etch rate (V^,), calculated either by slope of the graph or by 
the least square fit method which gives the best fitted value on the curve, 
comes out to be 0.016 ^m/min. 
The fission tracks in Lexan-8030 plastic track detector were long, thin 
and resembling the shape of match-stick. Since the measurement of projected 
track length after 10 minutes etching was difficult at ordinary magnification 
(100 X), the measurements of projected track length for the longest fission 
tracks were taken at 750 X magnification. The average of about 50 longest 
observed fission tracks has been taken as the representative value of project-
ed track length. The variation of projected track length with etching time is 
shown in Fig 4.2b. The value of track etch rate (V.j.) can be calculated from 
the least square fit to the initial data of Fig 4.2b which lie on straight line. 
Experimentally it was found that the track length increased with 
etching time up to 45 minutes. Up to this time, very fine conical tracks were 
observed, thereafter the conical ends of tracks started rounding off. This is 
also clear from the fig 4.2b which shows after 45 minutes of etching the 
projected track length remains approximately constant. Hence most appro-
priate etching time for Lexan in 6N NaOH solution at 60°C is to be taken as 
45 minutes. The value of track etch rate in this case comes out to be 0.3919 
^m/min. 
For the case of external point source, the value of etching efficiency 
of the detector can be calculated by using the relation described by 
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Table 4.3 
TRACKOLOGICAL CHARACTERISTICS OF LEXAN-8030 
PLASTIC TRACK DETECTOR ETCHED IN 
6NNaOHAT60"C 
Etching time 
(in min.) 
0 
10 
20 
30 
45 
60 
75 
90 
Average thicl^ness 
(in microns) 
242.61 
242.29 
241.93 
241.65 
241.15 
240.69 
240.21 
239.85 
Removed Layer from 
single surface 
(in microns) 
0.00 
0.16 
0.34 
0.48 
0.73 
0.96 
1.20 
1.38 
Av. Projected 
track length 
(in microns) 
0.00 
4.00 
9.32 
11.29 
11.98 
11.97 
11.72 
11.68 
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Srivastava (1971) viz. 
N,„ 
where N^^  and N^ ^ are the number of particles emerging from an isotropic 
point source placed on the detector surface in solid angles 2n and Q 
determined by the critical angle (5c) for the detector respectively. 
J, 5b dQ 
Thus, we have ri = . (4.1) 
fZTC i; o d " 
where dQ = /SinO dO d^ 
r e=rt (• e=>c/2-5c 
n = 1/271 Je = „ Je=„ /Sined(t)de 
= 1 -^inSc (4.2) 
where critical angle 8c is defined as the minimum angle measured with the 
surface of the detector below which tracks of charged particles can not be 
observed by etching. The relation used for calculation of critical angle for the 
detectors is as follows: 
5c = ^ i n - ' ( ^ ) (4.3) 
T 
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Hence eq (4.2) becomes 
V 
11 = 0 - - V - ) (4.4) 
The calculated values of critical angle for etching and etching 
efficiency are 5c = 2.34° and 95.92% respectively which are in good 
agreement with those reported by earlier workers (Khan and Durrani, 1972; 
Iyer et. al., 1974) for Lexan plastic. 
4.3.2 Fission Track Registration Characteristics of Melinex-O Plastic 
Track Detectors 
Melinex-O plastic track detector manufactured by Imperial chemical 
Industries Ltd. England is preferable compared to the Lexan and Makrofol 
plastic track detectors due to its negligible background and less scratches or 
surface imperfections. The measured data of the average values of thickness 
of the plastic track detector and the projected track length of CP^' fission 
fragment tracks registered in Melinex-O plastic detector etched in 6N NaOH 
solution at 60°C as a function of etching time are shown in table 4.4. 
The variation of removed layer from the single surface of the detector 
with etching time is shown in fig (4.3a). The value of bulk etch rate either 
calculated by the slope of the straight line or least square fit method, comes 
out to be 0.0173 ^m/min. 
The variation of average projected track length of fission tracks as a 
function of etching time is shown in Fig 4.3b. From this figure it is seen that 
the saturation value of projected track length reaches at the etching time after 
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Table 4.4 
TRACKOLOGICAL CHARACTERISTICS OF MELINEX-O 
PLASTIC TRACK DETECTOR ETCHED IN 
6N NAOH AT 60«C 
Etching time Average thickness Removed Layer from Av. Projected 
(in min.) (in microns) single surface track length 
(in microns) (in microns) 
0 
10 
20 
30 
45 
60 
75 
90 
105 
120 
104.21 
103.85 
103.49 
103.19 
102.67 
102.19 
101.65 
101.23 
100.95 
100.23 
0.00 
0.18 
0.35 
0.51 
0.77 
1.01 
1.28 
1.49 
1.63 
1.99 
0.00 
3.08 
6.43 
9.62 
11.29 
12.21 
12.23 
12.22 
12.15 
12.08 
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60 min. It is practically seen that the shape of tracks remains conical upto 60 
minutes of etching in 6N NaOH solution maintained at 60''C. Thereafter the 
tips of fission tracks start becoming spherical. It is therefore decided that 
most appropriate time of etching for Melinex-0 in 6N NaOH solution 
maintained at 60"C is 60 minutes. 
The slope of straight line gives the track etch rate of the detector. The 
value of track etch rate calculated by the slope of initial straight line part of 
fig 4.3b, comes out to be 0.3022 jim/min. 
The calculated values of critical angle (6c) of etching and track etching 
efficiency (r | ) for fission tracks in Melinex-0 Elastic detector are 3.28" and 
94.27% respectively. These values for critical angle and etching efficiency 
for this detector are in good agreement with the values (93.71%,90.8%) as 
reported by Somogyi et. al., (1969) and Iyer et. al. (1974) respectively. 
It is found in our visual observations that the fission tracks in Melinex-
O plastic track detector are of better conical shape than those in Lexan which 
gives almost cylindrical tracks. Also the number of background tracks and 
etched scratches in Melinex-0 are very much smaller than in the Lexan and 
Makrofol detectors. Therefore the Melinex-0 detector was used by us for 
the determination of Uranium in water samples as described in chapter 5. 
4.3.3 Fission Tracli Registration Characteristics of Makrofol-D£ Plastic 
Track Detectors 
Makrofol detectors manufactured by Bayer A.G. Germany are being 
used widely for the registration of fission tracks. Various type of Makrofol 
(K, KG, E,N, ....) produced by different processing of manufacturing are 
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expected to behave in different ways (Dietz and Rassl, 1982; Guo et. al., 
1982; Bansal, 1986). Trackological characteristics of Makrofol-DE plastic 
detector (a new Makrofol) have been discussed here. 
Makrofol-DE detector was supplied by Bayer (India) Ltd. New Delhi: 
a local supplier of Bayer A.G. Germany. This detector is well protected by 
thin plastic sheet laminated on both sides of the detector. The process of 
irradiation and etching used was the same as for other detectors except the 
removing of laminated plastic layers from both sides before irradiation. This 
detector is also transparent like the Makrofol-E and Lexan. The thickness of 
Makrofol-DE detector in our case was 175 microns. The fission tracks in this 
plastic after 10 minute etching in 6N NaOH solution maintained at 60°C v^re 
found to have length of 4.6 microns, which is greater than track length 
measured in Lexan and Melinex-0 as seen in table 4.3, 4.4 and 4.5. 
Table 4.5 shows the measured data of average value of thickness removed 
from single surface of the detector and projected track length of ^^CP^-
fission fragment tracks recorded in Makrofol-DE plastic detector. The 
measured values of removed layer from the single surface of the detector with 
etching time is shown in fig (4.4a). The value of bulk etch rate can be 
calculated either from the slope of the straight line obtained or with the help 
of least square fit method. It has been found to be 0.0151 |im/min. 
The observed fission tracks in this detector were thin, long and 
resembling the shapes ofthose observed in the case ofLexan plastic detector. 
The variation of projected track length as a function of etching time is shown 
in fig 4.4b. From the figure it is seen that the value of projected track length 
increases upto 45 minutes of etching. After that, the track ends start becom-
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Table 4.5 
TRACKOLOGICAL CHARACTERISTICS OF MAKROFOL-
DE PLASTIC TRACK DETECTOR ETCHED IN 
6N NAOH AT 60°C 
Etching time Average thickness Removed Layer from Av. Projected 
(in min.) (in microns) single surface track length 
(in microns) (in microns) 
0 
10 
20 
30 
45 
60 
75 
90 
175.02 
174.72 
174.46 
174.16 
173.62 
173.20 
172.72 
172.48 
0.00 
0.17 
0.30 
0.45 
0.72 
0.93 
1.17 
1.29 
0.00 
4.60 
8.81 
11.53 
12.97 
13.22 
12.99 
12.84 
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ing spherical. Hence the most appropriate time of etching for this detector 
also is 45 minutes under the etching conditions used. The calculated value of 
track etch rate, by applying least square fit to the initial data on projected 
track length obtained from fig 4.4b which lie on straight line is found to be 
0.3682 um/min. This value gives the critical angle of etching 5c = 2.35" and 
etching efficiency (T) )for fission tracks under these conditions is 95.89%. 
These values are in the same range (94.8 - 95.2%),those reported by several 
workers for other Makrofol plastics (Dietz and Rassl, 1982; Somogyi et. al., 
1969; Khan and Durrani, 1972; Iyer et. al., 1974; Guo et. al., 1982; Bansal, 
1986;Engeet. al., 1975). 
Separate irradiation and etching experiments conducted by us have 
shown that like Lexan detector, the Makrofol-DE plastics are also capable 
of recording the tracks of low energy alpha particles. 
4.4 CONCLUSIONS 
Study of fission tracks in three different plastics; Lexan, Melinex-0 
and Makrofol- DE leads us to the following conclusions. 
Efficiency for all detectors was found to be almost same even when 
they were studied 10 years later. Therefore storing time do not change the 
characteristics of plastic detectors. 
Lexan-8030: 
The most appropriate etching time for the revelation of fission track in 
Lexan plastic tracks detector is 45 minutes when etched in 6N NaOH at 60°C. 
The track etching efficiency of Lexan Plastic detector for fission tracks in 
2 7i-geometry under these conditions is 95.92%. 
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Melinex-O: 
The most appropriate etching time for getting conical shaped tracks of 
fission fragments in Melinex-O plastic track detector is 60 Min when etched 
in 6N NaOH solution maintained at 60"C. The track detection efficiency of 
this detector for fission track revelation under these conditions is 94.27%. 
Makrofol-DE : 
The most suitable etching time of fission tracks in Makrofol-DE is 45 
minutes when etched in 6N NaOH solution maintained at 60°C. The track 
etching efficiency for this detector comes out to be 95.89% under these 
conditions of etching. 
Since the behaviour of solid state nuclear track detectors depends upon 
the structure of the polymer, the etching behaviour of plastics manufactured 
by different processes should be different even if the product may be same 
as observed in the present studies. Although the tracks of fission fragments 
in Lexan and Makrofol-DE plastics are long and thin, the shape of etched 
fission tracks in Melinex-O plastic is better and more conical. 
Since Lexan and Makrofol-DE plastic are capable of registering the 
tracks of alpha particles along with the the fission tracks, it is clear that 
Melinex-O Plastic detector is more suitable for the analysis of nuclear 
fission (n,f) reaction as compared to other plastics due to its inability of 
recording the alpha tracks. Although the track etching efficiency T) of 
Melinex-O is slightly less than that of Lexan-8030 and Makrofol-DE plas-
tics, nevertheless it is preferred over Lexan and Makrofol-DE for U-
determination due to the presence of nice conical fission tracks, less number 
of etched background tracks, scratches and other surface imperfections. 
12S 
Between the Makrofol-DE and Lexan-8030, it was found that the 
Makrofol-DE should be preferred although they have nearly equal etching 
efficiencies under similar conditions. The reasons for this preference are 
following: 
(i) The obser ved projected track length in Makrofol-DE is greater than 
that in Lexan-8030. 
(ii) The number of scratches in Makrofol-DE is also lesser than that in the 
Lexan-8030. 
For a handy comparison the obsereved values of bulk etch rate (V ,^), 
track etch rate (V.j^ ) for fission tracks, the calculated values of critical angle 
5c for track registration and the etching efficiency (tj) for these detectors 
when etched in 6N NaOH at 60°C are given in Table 4.6. The observed 
values of etching efficiency for these detectors are compared with the 
reported values given in table 4.7. 
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Table 4.7 
SOME REPORTED VALUES OF ETCHING EFFICIENCY 
OF THE THREE PLASTIC DETECTORS 
Detector Etching EfHciency Reference 
Lexan 
Makrofol 
95.8 
93.6-95.2 
Khan & Durrani , 1972; Iyer et.al., 1974 
Guo etal. 1982; Khan & Durranni, 1972; 
Dietz & Rassl, 1982; Somogyi et.al., 1969; 
Iyer et.al., 1972; Bansal et.al., 1986; 
Engeetal., 1974; 
Melinex-0 90.8-93.7 Iyer et.al, 1974; Somogyi et.al, 1969 
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DETERMINATION OF URANIUM 
CONTENT IN WATER SAMPLES 
FROM U.P. (INDIA) 
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5.1 INTRODUCTION 
Of all naturally occurring radio-nuclides. Uranium is the heaviest and 
radiotoxic element. It is a fairly ubiquitous trace element which is found in 
geological materials at ppm level. It is distributed non-uniformly and mainly 
occurs in a dispersed state. The heterogeneity is due to the geochemical 
processes, that have slowly recycled the crystal material to and from the 
mantle. The earth crust is composed of about 95% igneous rocks and 5% 
sedimentary rocks. In the outer 10 Km of the earth's crust, the total quantity 
of uranium is about l.SxlO'^tons corresponding to an activity of about 
1.7x10" Bq (Thompkins, 1973). 
Uranium ispresentin almost everything in our natural surroundings in 
varying proportions; for example the average U-content in the earth's crust 
has been reported to be 4 x 10"^ % (or 4 ppm) by wt. (Hursh and Spoor 1973) 
while in the phosphate rocks its value may be as high as 1.2 x 10"-% (or 120 
ppm) by wt. (Roessler et. al., 1979). Nearly one hundred mineral species 
possess almost 1% (or 10,000 ppm) of uranium by wt. while a few ores may 
contain uranium to the extent of 40-60% (or 400,000 to 600,000 ppm). 
The uranium from these rocks and minerals leaches out and mixes with 
water. Consequently, uranium is found in small quantities in dissolved and 
suspended particulate forms in water-be it surface water (i.e. from rivers and 
lakes), sea water or ground water (i.e. drinking water from tube-wells or 
taps). In the case of surface waters, the run-offfi elds also causes changes ifv-
its uranium contents. Uranium is found in the underground and surface 
waters due to its natural occurrence and also due to man-made activities like 
mining and milling of uranium and phosphate rocks. Other sources of 
uranium in water are the rocks like granite, lignite, monazite sands and 
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minerals such as uraninite. carnotite and pitchblende etc., which conic in 
contact with flowing water during its long mountainous course and seepage 
inside the earth. 
Radioactive nuclides enter the human body mainly through food and 
water. According to an estimate (Cothern, 1983), food contributes about 15% 
of the ingested uranium while the drinking water contributes about. Uranium 
concentration in different types of food items are reported to be in the range 
of 1-100 ^g/gm (Cothern and Lappenbusch, 1983). Although the dietary 
intake of uranium varies according to the food habits, the overall intake has 
been estimated to be in between 1.3 and 1.4 fig/day (Hursh and Spoor, 1973). 
A similar study in the United States shows the range from 0.3 fig/day to 1.3 
^g/day(IAEA 1980). 
Uranium and its decay series elements, when absorbed in the body can 
be harmful for health. It can constitute a far greater radiation health hazard 
UutVo 
^ the continuous irradiation of internal tissues with radioactive rays until 
they are eliminated in the faces or urine or else losethei/radioactivity by 
natural decay. The main organ affected by the toxic effect of soluble natural 
uranium is kidney. The permissible oral and inhalation intakes of soluble 
natural uranium are 19.85 mg/day and 0.75 mg/day respectively (Morgan, 
1986). The critical organs affected by insoluble natural uranium through oral 
intake and intake by inhalation are gastrointestinal tract lower large intestine 
(GILLI) and Lungs respectively. The permissible intakes of insoluble natural 
uranium for oral and inhalation are 53 mg/day and 0.64 mg/day respectively. 
The permissible oral intake was calculated by assuming that a man consumes 
2.2 litre water per day (Morgan, 1986). 
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Continuous irradiation with radioactive rays may cause somatic muta-
tion which can alter the control mechanism of cell division leading to cancer 
(Power, 1981). Since the maximum permissible intake limit of uranium is 40 
mg/day (Morgan, 1973), low dose rates for a long time can be malignant as 
is evident from the uranium miners exposure data which indicates that the 
incidence of lung cancer is a linear function of accumulated exposure 
(Morgan. 1988). 
Radionuclides are true carcinogens, and when they contaminate water 
they definitely impose a health risk upon its consumer. Natural uranium is 
found in both surface and ground water, while Radium occurs primarily in 
ground water not in surface water (Cothern, 1983). The occurrence of natural 
uranium in U.S. drinking water has been evaluated by ORNL (Drury, 1981) 
and by Cothern and Lappenbusch (1983). The average uranium concentration 
in surface water, ground and domestic water is reported to be 1,3 and2pci/l. 
respectively. Relative source contribution data suggest that drinking water is 
responsible for approximately 50% of one's intake of radium and 70% of 
uranium (Cothern, 1985). Drinking water is responsible for approximately 
2 - 3% of one's intake of radon. The annual effective dose equivalent per 
capita from natural radioactivity in community drinking water in the U.S. is 
approximately 1 - 2 m rem/yr. The estimated effective dose equivalent from 
natural background radiation was approximately 200 m rem/yr (Cothern, 
1985; UNSCEAR, 1982). Drinking water, thus contributes approximately 
1% to the overall effective dose equivalent from natural background radia-
tion. Since uranium is also a bone-seeker, it would also be suggested to cause 
carcinogenic bioeffects. An estimated risk of natural radioactivity in commu-
nity drinking water to the U.S. population is approximately 14,000 excess 
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cancers per life time. Further, the elements like natural uranium. Radium, and 
Radon are responsible for 4%. 17% and 76% cancers per life time 
respectively. 
The health effects guidance level based on radiotoxicity of uranium in 
drinking water is 10 pCi/1 (or 0.37 Bq/1). This concentration is being 
considered as suggested guidance on the basis of health effects (i.e. radiation 
carcinogenesis and kidney damage) and relative source contribution 
(Lappenbusch, 1979). The risk level from ingesting drinking water with 
uranium content of 10 pCi/1 is estimated to be about 3x10"' excess cancers/ 
lifetime (Cothern et.al., 1983). This limit of 10 pci/1 has been found to have 
similar risk level as that for the maximum contamination Level (MCL) of 5 
pci/1 for radium (Cothern and Lappenbusch, 1984). From the point of view 
of chemical toxicity, it was suggested that 10 pci/1 (or 15 ^g/1) is protective 
for the kidney (Cothern et.al. 1984). 
Occurrence of uranium in drinking waters is due to the uranium 
bearing rocks and soils. The reported values of uranium concentration in 
drinking water as a result of soil resuspension is in ultra low level of 0.15 ^g/ 
1 (Santschi and Honeyman. 1989), and in surface air, it is 0.1 ng/m^ (Fisenne. 
1993). The uptake of uranium by man is possible by ingestion and by 
inhalation. The majority of ingested uranium compounds are found to pass 
through the human body very fast and they belong to the transportability class 
D (biological half life < 0.5 day) according to ICRP classification (ICRP, 
1972). However some of uranium compounds like UO^ deposited via inhala-
tion in lungs belongs to the class Y (Biological half life 500 days), and its 
annual limit on intake (ALI) for workers recommended by ICRP is an activity 
of 600 Bq (or 24.2 mg) (ICRP, 1992), and the corresponding value for 
KVi 
members of the general population is 20 times lower, at 30 Bq (or 1.209 mg). 
Since uranium is distributed heterogeneously in our biosphere, its levels 
varies considerably from region to region. 
Uranium is of interest to human beings because of its use in various 
phases of nuclear fuel cycle and its known chemical and radiotoxicity. 
Evaluation of the occurrence and distribution of the environmentally impor-
tant trace element can play an important role in assessing the mobilization of 
the trace element to ecosystem. The fission track technique using SSNTDs is 
a sensitive and reliable method for micromapping of uranium upto sub-ppb 
levels, if the reactor facility is available. The method competes with other 
techniques like laser fluorimetry, neutron activation and X-ray fluorescence 
etc. These methods give identical results for a limit of 0.1 to 10-'fig/g, but for 
still lower concentration down to 10'* ng/g SSNTD is the only sensitive 
method for trace element analysis (Isabelle, 1987). 
Several workers have measured the U-content of water samples col-
lected from different sources like sea, river, wells, hot springs, taps etc. In 
table 5.1, we present the data collected from scattered published literature, 
about the uranium content in water samples of some countries. In the case of 
sea water U-content generally lies between 0.3 and 3 ^g/l (Turekian and 
Chan, 1971; Rona et. al., 1956 and Ritter et. al., 1982. The river waters have 
similar U-content (Zhai et. al., 1988; Bansal et. al., 1990; Talukdar et. 
al., 1989). But in the case of drinking water or tap water samples, very widely 
different values (0.11 - 640 ^g/l) have been reported (Edgington, 1965). 
Generally, the taps supplied with underground water have higher U-content 
than those supplied with river waters. The water from hot springs (Talukdar 
et. al., 1989) and some wells containing uraniferous clays (Keeret. al., 1988; 
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Table 5.1 
SOME REPORTED U-CONTENT OF WATER 
FROM DIFFERENT SOURCES 
Type of water 
sample 
Sea Water 
U.S. Tap water 
U.S. underground 
U.S. drinking water 
Gaubati water samples 
(India) 
D-Content 
(^g/L) 
0 . 3 - 3 
0.11-640 
0.029-1948.9 
0.0269-6.99 
(0.009-2.08 pCi/1) 
0.08-5.32 
Reference 
Turekian and Chan (1971) 
Rona et. al., (1956) 
Ritter et. al., (1982) 
Edgington(1965) 
Drury et. al., (1981)water 
Cothem & Lappenbusch (1983) 
Talukdaret. a l , (1983) 
Tube well water from 
Domestic water samples 
Some water samples 
from Himalayas (India) 
Kumayu Hill (UP) 
andSiwaUk(H.P.) 
Ground water from 
wells in southern 
Natural ground water 
Beijing tap water 
River water 
lake-water 
Water from Carboni-
ferous formation 
Water from lake 
Tahol-Carson Range 
area, Nevada and 
38.467-471.36 Bansal et. al., (1985) A.M.U. (India) 
0.6-19.2 
1.02-35.83 
Bansal et. al., (1988) (India) 
Ramola et. al., (1988) 
Av. value = 58.3 Betcher et. al., (1988) 
Max. value= 2020 Monitobe (Canada) 
2-833 
1.3-8.8 
0.03-1.3 
0.056-1.56 
<4.1 X 10^ 
< 177 
Keer et. al., (1988)samples 
Zhai et. al., (1988) 
Pluta(1988) 
J.K. Otton et. al, (1989) 
Contd. 
13S 
Contd 
California (U.S.A.) 
Ramgarh Lake 
Jaipur (India) 
Some Indian rivers 
ofU.P. 
Himalayan hot springs 
Hot springs 
Hot springs, well 
and River of 
NorthEast (India) 
Salt lake Iran 
Salt lake Israel 
• 
9.64 
1.93-4.49 
1.6-7.3 
4000-8800 
0.003-2.484 
4.4- 19 
4.3 
Bansal et. al., (1990) 
Lalet. al., (1975) 
Chakravarti et. al., (1979) 
Talukdar et. al.,(1989) 
Ritter et. al., (1982) 
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Betcher et. al., 1988) show still larger uranium contents. Even in the case of 
concentrated underground sea water from near the Laizhou Bay Zhou et. al.. 
(1982) have reported average U-content of >50 \ig/\ with a maximum of 100 
mg/1 due to uranium deposited sediments. 
Present study is the result of a research scheme in applied nuclear 
physics, on estimation of trace quantities of uranium in vanous water 
samples from important cities of Uttar Pradesh (India) using U"' (n,f) 
reaction and the SSNTD technique (for detail please see 3.5b). Fig. 5.1 shows 
the locations of the cities in Uttar Pradesh (India) from where the various 
kinds of water samples were collected for these studies. The levels of 
uranium content present in drinking water samples of these cities collected 
from hand pumps and taps fed with underground water by jet pumps or tube 
wells and also some river water (i.e. surface water) samples have been 
quantitatively determined by us using the fission track registration technique 
in Melinex-0 plastic detector. The results of our studies on uranium content 
in different types of water samples are presented and discussed in this chapter 
in sequence. The results will be useful for health services and radiation 
protection authorities. 
5.2 PRINCIPLE OF SSNTD TECHNIQUE 
The SSNTD technique for the determination of uranium was first 
suggestedby Price and Walker in 1963 (see 3.5 a,b). Thereafter Fleischer and 
Lovett (1968) used the method for the determination of uranium in water 
samples. Since then the method has been used by many workers for the 
microanalysis of uranium. Of the two methods ('Wet and Dry') available for 
the determination of uranium in water samples, the "dry" method was 
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V'" V > u f 
Fig. 5.1 : Locations of the cities (district headquarters) of U.P. (India). 
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adopted by us used due to its bett^ r^ detection limit of nanogram or still less 
amount upto 10'ng/g(Isabelle. 1<)87). 
Since relative abundance of the two isotopes of uranium the U-^ " and 
U*^ * can be assumed to be constant in natural uranium, an assessment of U-^ '^  
content in the sample rather than U-^ ** directly can also yield the concentra-
tion of uranium. It is to be noted that U-^ " is fissionable with thermal neutrons 
with a high fission cross section of 580 barns, while the (n,f) reaction for the 
U"* can be initiated only by fast neutrons. Since Th"^ is also present in the 
sample and is also fissionable with fast neutrons, the method of the radiation 
of U '^* with fast neutrons can not be adopted, because this leads to 
uncertainty in the precise measurement of uranium content (Durrani and 
Bull, 1987). The difficulty in getting fast neutrons also causes problems. 
Though natural uranium has thermal fission cross section of 4.2 barns, the 
fission can be produced by thermal neutrons through (n,f) reaction resulting 
into two fission fragments. 
In the SSNTD method, Melinex-0 plastic detector is kept in perfect 
contaiCt (27t-geometry) with the dry planchetted fissile material. These types 
of sandwiches along with a piece of standard glass neutron dosimeter are 
irradiated with thermal neutrons. The thermal neutrons induced (n.f) reaction 
with uranium target nuclei present in the thin deposit produce latent damage 
in the detector due to the e n t ^ of resulting fission fragments in the detector. 
These latent tracks can be visualized by preferential chemical etching of the 
detectors. The total number of tracks so obtained are counted to eliminate the 
effects of non uniformity in the deposit film. The contamination error due to 
thorium is insignificant and negligible, because total number of fission tracks 
produced due to thorium lies within the counting error It follows from the 
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fact that the fission cross section of thorium for thermal neutrons is 2.6 micro 
barns only as compared to 580 barns to U*^ '' and 4.2 barns for natural uranium. 
5.3 EXPERIMENTAL DETAILS 
5.3.1 Sample Collection 
This thesis describes the results of our studies on uraniun level . in 
both underground and surface drinking water samples collected from six 
important cities of Uttar Pradesh (India) viz Allahabad, Jhansi, Kanpur. 
Ghaziabad, Agra and Aligarh. The 1 ocations of these cities are shown in 
Fig 5.1. 
It was planned to collect the water samples in such a way that the 
results of our investigation may give a representative value of uranium levels 
to be used for whole population of the considered cities. Therefore each 
selected city was divided into four sectors viz north, south, east and west. 
Three samploswere collected from each selected location of a city in identical 
manner. 
Small unused plastic bottles, cleaned properly with 3M HNO, solution 
and double distilled water were used for sample storage. All the collected 
water samples were then acidified immediately with 20 ml concentrated 
HNO, solution per litre of water in order to minimize the loss of uranium by 
absorption in the container for storing time which varied from 3 to 30 days. 
(a) Sample Collection from Allahabad City 
The basic sources and places of collected water samples are depicted 
in table-5.2. The hand-pump water samples were collected from the Clock 
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tower. The river water samples were collected from the Baluaghat (i.e. 
Yamuna river water), Gaughat (that is also Yamuna river water), Sangam 
(Ganga river water) and Triveni (i.e. Ganga+Yamuna+Saraswati river water). 
The water samples from taps were collected from the the site of Allahabad 
University Campus and Railway station. In all twenty one sample were 
collected from the city of Allahabad which are coded as Ad^ ^^ ^ where x varies 
from 1 to 7 and (y) varies for i to iii as shown in table 5.2. 
(b) Sample Collection from Jhansi City 
In Jhansi city, the samples were colleted from three basic sources viz 
Hand-pump, Jet-pump and Tap water. Three sampIes^roMhand-pump were 
collected from Jawahar Chowk and three sample5/^ >»i*Jet-pump from a site of 
Pasarat. Three tap water samples were also collected from an area within a 
kilometer of Pasarat and Jal-Kal Department. In all twelve samples were 
collected which are coded as J , , where x varies from 1 to 4 and (y) from i to 
iii as shown in table 5.3. 
(c) Sample Collection from Agra City 
Eighteen water samples were collected from Agra citvithe three basic 
sources: jet-pumps, taps and river (table 5.6). The source of water samples 
which were collected from Agra fort bus stand and New Shahganj was jet 
pump. The tap water samples were collected from Belunganj market, Prem 
nagar, Dayalbagh and Agra cant railway station. From each location of the 
city three water samples were collected which coded as A . where x varies 
from 1 to 6 and (y) varies from i to iii as indicated in table 5.6. 
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(d) Sample Collection from Kanpur City 
Kanpur city is an important industrial city of Uttar Pradesh (UP.), and 
therefore the concentration of uranium in water samples is also important 
from the point of view of health hazards to larger population. The basic 
sources of water samples which were analyzed are: Jet-pumps, taps, hand-
pumps and river (table 5.4). The jet-pump water samples were collected from 
railway station. The water supply source for Indian Institute of Technology 
(I.I.T.), Panki thermal power station (P.T.P.S.) and Benajhabar jal nigam was 
through taps. The hand pump water sample was collected from Panki temple. 
The water samples from Ganga river were collected from Bhairoghat and 
Parmuttghat. In all twenty one water samplejwere collected from Kanpur city 
which are coded as K , „ where x varies from 1 to 7 and (y) varies from i to 
x ( y ) ' ^•' ' 
iii, as shown in table 5.4». 
(e) Sample Collection from Ghaziabad City 
Ghaziabad is another industrial ai^important city of Uttar Pradesh 
(India). It required a systematic study on U-content in its water samples from 
various sources so that we might know the radiation level due to uranium in 
water samples which causes health hazards to the general public. In this city 
the basic source used for drinking, agricultural and other purposes is under-
ground water which is supplied through taps. In all eighteen water samples 
were collected from Ghaziabad. Three tap water samples were collected from 
each location viz Raj nagar sector I, M.L. Govt, tiospital (Ramte ram road) 
and Railway station as shown in Table 5.5". Similarly three water samples 
were collected from the Hinden river. The collected samples are coded as 
G^ ^^ ,^ where x varies from 1 to 6 and (y) varies from i to iii as shown in 
Table 5^«. 
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(f) Sample Collection from Aligarh Cit> 
Water samples were collected from seven different sites of Aligarh 
city. Three samples were collected from a one square Km area around each 
site. Thus in all twenty one water samples were collected from Aligarh city. 
The samples are coded as ALx(y), where x varies 1 to 7, while (y) varies i and 
iii as shown in table 5.7. The samples were collected directly from three 
different source i.e. jet pumps, hand pumps and taps respectively. Although, 
the samples were collected from three different sources, the basic source was 
underground water in every case. Also there is a variation of depth of 
bore hole for these sources. The samples coded as AL,, AL^ and AL^ were 
collected from different sources like tube-wells, jet pumps and hand pumps 
in an area of 1 Sq. km of Sasnigate locality. The samples AL^ and AL., which 
were collected from hand pumps and jet pumps respectively from a locality 
5 km east of the previous samples(AL,, AL, and AL^). The samples AL, and 
ALj which were collected from 2.5 km distance of each other in the north & 
south direction of samples AL^  and AL .^ 
5.3.2 Sample Preparation: 
As indicated earlier all the collected water samples were acidified with 
cone. HNO, (20 ml per litre of sample) immediately after their collection. 
The acidification minimizes uranium loss due to absorption in the container 
for storing time varying from 3 to 30 days. Melinex-0 plastic of thickness 
-100 ^m (manufactured by Imperial Chemical Industries Ltd., London, 
England) was used by us as fission track detector instead of the usual Lexan, 
because it gives very sharp, conical tracks of fission fragments which are 
very easily distinguishable from background imperfections and cracks etc. 
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Also the Melinex-0 plastic gives negligible background of surface scratches 
as compared to Lexan. 
The plastic detectors were cut into circular pieces of diameter 1.5 cm. 
and each piece was given a code number. These detectors were washed 
thoroughly with 3M HNO, solution and double distilled water and finally 
dried in a clean oven. Then a small drop of water having known volume (V 
= 0.0067± 0.00025 ml) was dropped on the plastic detector surface with the 
help of a calibrated syringe filled with the desired water sample. A fresh 
calibrated syringe was used for each sample. The drop was dried inside an 
oven maintained at 80"C. The water got evaporated leaving the non-volatile 
residue on the plastic detector surface. Another similar plastic detector sheet 
was placed in perfect contact with the above plastic containing the residue of 
the water drop, thus making a "sandwich" of the dried drop. The sandwiches 
were sealed with the help of the transparent tape. Such "sandwiches" were 
prepared for all the corresponding samples of a location of the city. 
All such sandwiched samples were then packed tightly by keeping 
them one over the other so as to fit them in an aluminium cylinder of diameter 
2cm and height 5.3 cm. A standard glass piece of known uranium concentra-
tion serving as the thermal neutron flux monitor was doubly sealed in a PVC 
plastic bag and was also kept in the aluminium cylinder so as to evaluate the 
neutron flux at the place of irradiation. It haSaiveady b e e y'e.pcr ted. hj 
oiLT lat>oy<2.-tcry">- -^hortt- standard glass ( Silver-Star micro slide 
manufactured by Premier Industrial Corporation, New Delhi, India) ha5 a 
uranium concentration of 0.77 ppm by weight (Kumar and Srivastava, 1984). 
In order to assess the contamination error due any uranium present in the 
distilled water and plastic detector, one sandwich of Melinex-0 detector with 
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dried distilled water drop was prepared under identical conditions and kept 
in each aluminium cylinder containing the sandwiches of the water samples. 
These sandwiches were prepared with utmost care to avoid contamination 
due to dust present in the environment. 
5.3.3 Irradiation and Etching 
(a) Irradiation 
The aluminium cylinder containing all such sandwiches and the 
standard glass neutron dosimeter was sent to Bhabha Atomic Research 
Centre, (BARC) Bombay, India. There the samples were irradiated in the 
thcrnrwJt 
APSARA reactor with an integrated.neutron flux (or fluence) of the order 
of 10"'n/cm-. The thermal neutrons produce fission in natural uranium nuclei 
present in the residue oil the detector sheet. This results into latent damage 
trails caused by the fission fragments entering the detectors. The irradiated 
cylinder containing samples were received back by air when it was "radioac-
tively cool". 
(b) Etcliing 
All the sandwiches received back after irradiation were opened and the 
residue on the detector surface was cleaned by again dipping them in the 
HNO, solution and double distilled water. The Melinex-0 plastic detectors 
were etched together in 6N NaOH solution at 60°C for an hour using a 
temperature controlled water bath fitted with a contact thermometer and a 
stirrer which could mantain the temperature with an accuracy ±0.1 °C. 
The standard glass dosimeter was broken to open the fresh surface. The 
surface was then etched in 48% HF at 23°C for 5 sec. The etching was 
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followed by thorough washing of the detectors in flowing water and finally 
with distilled water. The detectors were then dried with the help of a infra red 
lamp. Appropriate etching of these detectors revealed the latent damage 
tracks formed in them. 
5.3.4 Track Observation and Calculation 
(a) Track Observation 
The etched fission tracks in the plastic detector were observed by using 
the Hertel and Reuss binocular optical research microscope at the magnifi-
cation of 250X. Since the tracks were found to be more concentrated near the 
periphery of the water drop than in the middle portion (see fig.3.5), the total 
number of fission tracks produced by the drop in the plastic detector were 
counted by area scanning method using a well calibrated graticule covering 
an area of 2.5x10"^ cm-. The number of tracks found on the two detector 
surfaces in contact with the dried water drop generally showed a deviation of 
1.01% to 6.13% from the mean value. The mean value from the two internal 
surfaces of the sandwiches are taken as the total number of tracks. Of course 
the background tracks in equal number of fields found in the detector blank 
were subtracted from the total number of tracks in the detectors for the 
samples. 
The tracks registered on the freshly opened surface of the standard 
glass detector were counted. Since the pattern of track distribution in the 
glass detector is uniform, the track density (p) was determined by using the 
same microscope with a well calibrated graticule at the magnification of 
250X. The time integrated neutron flux (in n/cm-) was calculated using the 
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relation: 
(t)=Kp (5.1) 
where K is the conversion constant for the neutron dosimeter glass which in 
our case had a value(l .028±0.008x 10'j)neutrons/track (Kumar and Sri vastava, 
1984). The value of (J) thus obtained was used finally in the relation for the 
analysis of the uranium content. 
(b) Calculation for Uranium Content: 
The trace element of uranium in the water samples in wt./vol. units 
have been calculated from the following relation first described by Fleischer 
and Lovett (1968) 
C „ = T M / V G N ^ a E ( l ) (5.2) 
where (> is integrated neutron flux (or fluence). In our case the value of the 
in-situ neutron fluence was found to be 4.69xl0'*n/cm-(Singh et.al., 1996); 
T is the total number of tracks within the droplet area; 
M is the gram atomic mass of the natural uranium (238.03 gm/mole): 
V is the volume of the water drop (V=0.0067 ml in our case) (Singh et.al.. 
1996); 
G representJgeometric factor for the registration of the fission track (G=l); 
N^ is the Avogadro's number (6.02x10" mole/gm mol ); 
a is the thermal fission cross section for natural uranium (4.2 barns); 
E = [1 - (V .^/V )^=], the etching efficiency factor (0.9902 for Melinex-O in our 
case; see section 4.3i). 
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On substituting the values of the constant in our case, the eqn. 5.2 reduces 
to: 
C„= 3.025x10-^ T(^g/l) (5.3) 
After knowing the uranium contents one can also find out the expected 
a-activity of the samples taking into account the well known relative isotopic 
abundance of U"«, U '^^  and U" ' in the natural uranium as 99.27%, 0.728% 
and 0.002% respectively. The calculated a-activity due to 1 ^g of natural 
uranium will be 0.67 pCi (or 0.0025 Bq). 
5.4 RESULTS AND DISCUSSIONS 
The results on trace element analysis of uranium in water samples 
collected from different sources and places of some major cities of Uttar 
Pradesh (India) are depicted in Table(s) 5.2 to 5.7. These cities have great 
concern for human population due to the existence of several tourist places 
and industries. Therefore, it is important to know the radiation level for the 
individual citi£S> 
The uncertainties quoted with the figures in the tables 5.2 to 5.7 are 
statistical counting error. 
5.4.1: U-Content Level in Water Samples of Allahabad City 
The U-content values for the water samples collected from different 
sources of Allahabad are shown in Table 5.2. The basic sources and places 
of collection are also indicated in the table for each water sample. 
The table shows the results of 21 water samples which are from 
underground and river waters collected from seven different localities. The 
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total number of tracks for each sample is the background corrected mean 
value of two surfaces of the sandwich detectors. The errors indicated infront 
of each location are evaluated by standard deviation for three samples 
collected from one square km area. From table, it is seen that the value of 
uranium concentration in drinking water samples in Allahabad varies from 
(2.02±0.03) ng/1 to (3.79±0.15) \ig/\, while for river waters its values are 
found to lie between (0.92±0.01) jig/l and (2.33±0.13) ng/1. It is also clear 
that the tap water samples collected from railway station (Ad^) shows 
maximum uranium concentration of 3.79 ^g/l, while the hand pump water 
samples(Ad,) collected from clock tower has slightly lower U-content 
(2.02±0.03 \ig/\). The Yamuna river water samples collected from Baluaghat 
(Ad,) were found to contain minimum value of uranium concentration. 
The mean value of U-content for all the water samples collected from 
Allahabad city comes to be 2.14 \ig/\ (or 0.054 Bq/1). Also the mean value for 
9 drinking water and 12 river water samples are found to be 2.88 ^g/l (or 
0.072 Bq/1) and 1.58 ^g/1 (or 0.040 Bq/1) respectively. Thus the average 
intake of uranium in human body through drinking water samples can be 
evaluated by assuming a consumption of 5 liter water per day. Its value for 
Allahabad city comes out to be 0.014 mg per day which is much lower than 
the maximum permissible intake of uranium (40 mg per day) through 
drinking water (Morgan, 1973) and also lower than the maximum permissible 
value (19.86 mg per day) for soluble natural uranium (Morgan, 1986). The 
mean value of alpha activity by drinking water samples from Allahabad city 
is found to be 0.072 Bq/1 which is much lower than the health effects 
guidance level (lOpCi/1 or 0.375 Bq/1) that may cause radiation carcinogenesis 
and kidney damage (Lappenbusch ay>o( {j-fiieryi^ I9S5)> 
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Since the mean value of surface and drinking waters comes out to be 
1.58 \ig/\ and 2.88 ng/I respectively, it follows the trend that the surface water 
samples are generally found to contain lesser uranium content than the 
underground water samples. It is also clear that uranium contamination level 
in the waters of Allahabad city is much less than the maximum permissible 
intake through drinking waters. 
Conclusions 
1. The values of U-content in water samples from Allahabad city are found 
to vary from source to source and place to place (see table 5.2). 
2. The mean value of U-content in drinking water samples is 2.88 ^g/1 (or 
0.072 Bq/1), while that for surface waters collected from rivers is 1.58 
\ig/] (or 0.040 Bq/1). This shows that underground water has higher 
value of U-content than surface waters. This fact is also reported by 
several other workers for other places. 
3. The average intake ofuranium through drinking water in Allahabad city 
(by assuming a consumption of 5 litre water per day) comes to be 0.014 
mg per day. It is much lower than the maximum permissible intake of 
uranium through drinking water (40 mg per day; Morgan, 1973). It is 
also found lower than the permissible intake value of dissolved natural 
uraniun by ingestion (19.86 mg per day; Morgan, 1986). 
4. The mean value of alpha activity caused by uranium in drinking water 
in Allahabad city is found to be 0.072 Bq/1 and it is much lower than the 
health effects guidance level for carcinogenesis and kidney damage (10 
pCi/1; Lappenbusch,<»nd Cofh<irn y)^8fj-
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5.4.2 H-Content Level in Water Samples of Jhansi City 
The values of uranium concentration and its a-activity for 12 drinking 
water samples collected from four localities are shown in Table 5.3. The U-
content values are found to vary from 0.87±0.01 i^g/l to6.45±0.]9 ^g/1. From 
the table, it is seen that the tap water samples supplied by Jal-Kal Department 
(J^) has minimum U-content (0.87 ng/1), while the hand pump water samples 
from Jawahar Chowk (J,) has maximum U-content (6.45 \ig/\). The jet pump 
water samples from the site of Pasarat area (J^) has U-content of 4.58±0.05 
i^g/1, while the municipal tap water samples from the same locality has 
1.1 ±0.02 ^g/l. 
The mean value of U-content for the drinking water samples of Jhansi 
comes out to be 3.24 ^g/l (or 0.081 Bq/1). The evaluated average intake of 
uranium in human body through drinking water (assuming a consumption of 
5 litre water per day) comes to be 0.016 mg per day. It is found that in Jhansi 
city, intake of uranium through drinking water samples is lower than the 
health effects advisory guidance level of 10 pCi/1 (or 0.375 Bq/1) from the 
point of view of radiation carcinogenesis and kidney damage (Lappenbusch 
&M CofhQr-n, 
11985") and also lower than the permissible intake value of dissolved natural 
uranium by ingestion (19.86mg per day) and by inhalation (0.75 mg per day) 
prescribed by Morgan (1986). 
Conclusions 
1. It is concluded that the U-content values in water samples in Jhansi city 
also are found to vary from place to place and source to source. 
2. The mean value of U-content for the drinking water in jhansi is 3.24 ^g/ 
1 (or 0.081 Bq/1). 
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3 The average alpha activity by natural uranium through drinking water 
in .Ihansi is found to have lower value than the health effects advisory 
guidance level of 10 pCi/1 (or 0.375 Bq/1) from the point of view of 
^ r X T / r and Cotfcey/» 
radiation carcinogenesis and kidney damage. (Lappenbusch,.1985) 
4. The average intake of uranium in human body through drinking water 
in Jhansi (assuming a comsumption of 5 litre water per day) i s 0.016 mg 
per day, which is lower than the permissible intake value of natural 
soluble uranium by ingestion (i.e. 19.86 mg per day; Morgan, 1986). 
5.4.3 U-Content Level in Water Samples of Kanpur City 
The results of 21 water samples show that the U-content level in water 
samples of the city varies from reservoir to reservoir, jet-pump to jet-pump 
and taps to taps. 
•prans 
From Table 5.4. it is seen that the samplq^K^ which are^tap waters from 
Benajhabar Jal Nigam supplying treated Ganges water from Bhairoghat has 
minimum average U-content 2.56 ^g/l, while the other samplesK^^  which were 
directly taken from the Ganga river at Bhairoghat has higher average U-
content 5.35±0.04 ^g/l. The other Ganga river water samples coded as K^  
which were taken from the Parmuttghat 2 km downstream of Bhairoghat show 
U-content 4.59±0.04 ng/1. The samples K., which are tap water fed by tube-
well from Panki Thermal Power Station (PTPS) show 3.67±0.11 ^g/1 U-
content, while the samples K^  which are hand pump water from Panki temple 
near PTPS show maximum U-content 9.08 ^ g/1. 
The mean value of U-content for 12 drinking water samples of four 
localities comes out to be 5.02 ^g/1 (or 0.126 Bq/1). The river water samples 
have U-content level of 4.16 i^g/1 (or 0.104 Bq/1). If a person consumes 5 litre 
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water per day, the average intake of uranium through drinking water samples 
for Kanpur city comes to 0.025 mg per day. Thus, it is found that the intake 
of uranium in human body through drinking water samples from Kanpur city 
is lower than the health effects guidance level which is 10 pCi/1 in drinking 
water (or 0.37 Bq/1). This level of uranium found in the Kanpur city does not 
cause radiation carcinogenesis and kidney damage. Ingestion of 10 pCi/1 U-
content through drinking water causes about 3 x 10* excess cancers per life 
time (Cothern et. al., 1983). The level of U-content in drinking water from 
Kanpur city is also lower than the health advisory limit 10 pCi/1 suggested by 
Lappenbusch,/19S^on the basis of radiotoxicity. It is also found that our 
results are much below the permissible intake by ingestion and inhalation of 
soluble natural uranium which is 19.86 mg per day and 0.75 mg per day 
respectively (Morgan, 1986). Thus, on the basis of this analysis the uranium 
content in drinking water samples from different localities of Kanpur city 
does not cause any adverse health effects. 
Conclusions 
1. It is concluded that uranium concentration values of water in Kanpur 
city varies from reservoir to reservoir, jet pump to jet pump and tap to 
tap. 
2. Si nee the tap water samples from Benajhabar Jal Nigam supplying 
treated Ganges river water from Bhairoghat has lower U-content (2.56 
Hg/1) than the other samples directly taken from Ganges river at Bhairoghat 
(5.35 ng/l)yit is concluded that cleaning and water treatment done by 
municipal supply of Kanpur city reduces the uranium contents by almost 
50 % . 
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3. The average intake of uranium and its alpha activity in drinking water in 
Kanpur are also found to have lower values than the permissible intake 
through drinking water samples prescribed by other authors (Morgan, 
1973, 1986; Lappenbusch ar\d[Cypher^ijl^^^J' 
4. It is also concluded that the drinking water from different localities of 
Kanpur city do not cause any radiation related health hazards. 
5.4.4 Level of U-content in Water Samples of Ghazlabad City 
The results of 18 water samples collected from different locations of 
Ghaziabad city are depicted in Table 5.5. Out of these, 3 samples were of 
river water and rest were of drinking water. The errors indicated infront of 
each location are evaluated by standard deviation for three samples collected 
from each locality within an area of 1 km-. 
Table 5.5 shows that the ^ ~ uranium concentrations of water 
samples varies from location to location. The values of U-content for water 
samples lie between 3.04±0.05 ^g/l (or 0.076 Bq/1) and 11.36±0.33 ^g/l (or 
0.284 Bq/1). Since the drinking water samples (G, to G )^ were collected from 
five different locations and for each of them, the water supply was through 
overhead tanks^ It is concluded that U-content in drinking water samples 
widely varies with the site of the source. The samples G^  which are surface 
water from Hinden river show minimum U-content 3.04 ^g/1, while the 
samples coded as G^  which are tap water samples collected from approxi-
mately 500 meter away from the river has higher U-content 11.22±0.23 \ig/ 
1 (or 0.281 Bq/1). 
The mean value of U-content of the 15 drinking water samples comes 
to be 8.16 ^g/1 (or 0.204 Bq/1). If we assume that a person consumes 5 litre 
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art 
waterisiiy.average per day. the average intake of uranium in human body 
through drinking water samples comes to be 0.041 mg per day. which is found 
lower than the permissible intake by ingestion and inhalation of soluble 
natural uranium 19.86 mgper day and 0.75 mgper day respectively (Morgan, 
1986). It is also found to have lower value than the limit of health advisory 
10 pCi/1 (or 15 ^g/I) prescribed by Lappenbusch and Co^crr>, '*5SJ' 
Conclusions 
1. It.concludest'that uranium concentrations in water samples in Ghaziabad 
A 
vary from location to location. 
2. Surface water shows lower U-content than the underground waters. 
3. The mean value of U-content of 15 drinking water samples from five 
localities is 8.16 ^g/I (or 0.204 Bq/I). 
4. The average intake of uranium in human body through drinking water 
samples in Ghaziabad is 0.041 mg/day, which is lower than the permis-
sible intake by ingestion of soluble natural uranium (19.86 mg per day; 
Morgan, 1986). 
5. The mean value of a-activity is also lower than the limit of health 
advisory 10 pCi.l (or 15 jig/l; Lappenbusch, 1983). 
5.4.5 U-Content Level in Water Samples of Agra City 
The values of U-content alongwith its alpha activity for 18 water 
samples collected from different locations of Agra city are shown in table 
5.6. The basic sources for each water sample are indicated against each 
dlft/JccHjn 
location of the city. The statistical)varies from 1.01% to 6.13%. 
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Table 5.6 shows that the values of U-content are found to vary between 
31.78±0.53 ^g/l(or0.795±0.014Bq/I)and4.30±0.04 ^g/1 (or 0.108±0.001 
Bq/1). It is seen that the underground drinking water samples A, from site 
located within an area of 1 Km^ of Agra fort bus stand (south east of city 
centre) show higher value of U-content 31.78±0.53 ^g/l (or 0.795±0.001 Bq/ 
1) than the value 26.75±1.52 ^g/l (or 0.669±0.038 Bq/l) for sample A, 
collected from a jet pump of New Shahganj area situated 5 Km north-east of 
city centre. The tap water samples A^  supplied through tube-well collected 
from Prem Nagar situated 8 Km north ofcity centre show higher value of Li-
content 6.85±0.16 ^g/l (or 0.172±0.04 Bq/1) than the values of 4.30±0.04 ^g/ 
1 (or 0.108±0.00I Bq/1) of tap water samples A, supplied through Agra civil 
supply which is actually the treated Yamuna river water. It is also found that 
the river water samples A, shows almost the same uranium concentration 
(4.30±0.04 ng/1) as is found for water samples collected directly from river 
stream (4.35±0.05 \ig/\ (or 0.109±0.001 Bq/1). This shows that the cleaning 
and treatment of Yamuna river water in Agra does not reduce the U-contents 
effectively. 
The mean value of U-content for 15 drinking water samples comes to 
be 16.68 ng/1 (or 0.417 Bq/1). It is worth noting that the average value of U-
content for drinking water in Agra city is slightly higher the limit of concern 
for carcinogenic bioeffects which is prescribed as 15 ^g/l (Lappenbusch. 
and Cd-th^yT) 
/A9SS). In individual water samples from Agra the observed values are found 
as high as double of this value. The average intake of uranium in human body 
through drinking water in Agra (by assuming that a person consumes 5 litre 
water on an average per day) comes to be 0.083 mg per day. Thus the average 
intake of uranium through drinking water is found to have lower value than 
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the prescribed permissible intake of soluble natural uranium by ingestion 
(19.86 mg per day). Therefore, it is concluded that this level of U-content 
does not affect the critical organ kidney (Morgan, 1986). 
Conclusions 
1. It is concluded that the treated water samples through municipal supply 
in Agra shows only marginal lower value of uranium concentration than 
the untreated waters (or collected directly from river stream). 
2. The U-content varies from source to source and site to site. 
3. The mean value of U-content for 15 drinking water samples from Agra 
comes to be 16.68 ^g/I (or 0.417 Bq/l). 
4. The mean value of U-content in drinking water in Agra city is slightly 
higher than the limit of concern for carcinogenic bioeffects which is 
prescribed as 15 ^g/l (Lappenbusch a^Ca^rn^ ilBS) * 
5. In individual water samples of Agra city, the observed values of U-
content are found as high as double of the concern limit of carcinogenic 
bioeffects. 
6. The average intake of uranium through drinking water of Agra city is 
lower than the prescribed permissible intake of natural uranium by 
ingestion (19.86 mg per day; Morgan, 1986). 
5.4.6 Level of U-content in Water Samples of Aligarh City 
Table 5.7 shows that uranium concentration of various drinking water 
samples collected from different localities of Aligarh City varies from 
location to location. The range of U-content for drinking water samples lies 
between 9.07±0.25 ^g/l and 20.49±0.27 ^g/l. The basic water supply source 
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in each case was underground water either supplied through tube-well and 
jet-pumps or hand-pumps. It is also seen that the samples coded as AL,, AL, 
and ALJ collected from different sources like tube-wells, jet pumps and hand 
pumps in an area of 1 Sq. Km. of the same locality (Sasnigate), show U-
content variation from source to source. It is also clear that the samples AL^^ 
and AL, which were collected from hand pumps and jet pumps respectively 
from a locality 5 Km east of the locality for the samples AL,, AL, and AL ,^ 
also shows variation from source to source. The tap water samples AL^ and 
ALj which were collected from places 2.5 Km distant from each other in the 
north & south direction , also show variation of U-content. Thus, no definite 
trend in variation of uranium concentration is found. 
From table 5.7, itisseenthatthemean value of uranium concentration 
in drinking water in Aligarh city is 13.2^ \ig/\ (or 0.333 Bq/1). The average 
intake of uranium through drinking water in Aligarh (assuming a consump-
tion of 5 litre of water a day) comes to be 0.066mg/day, it does not exceed the 
maximum permissible limit which is 40 mg/day (Morgan, 1973). Also it is 
found lower than the value of permissible intake of soluble natural uranium 
by ingestion (19.86 mg per day; Morgan, 1986). This value also does not 
exceed the concern limit oflconcern for carcinogenic bioeffects. 
Conclusions 
1. It is concluded that the values of U-content vary from location to 
location and source to source even in Aligarh city. 
2. The U-content is also found to vary with the depth of water supply 
source. 
3. The mean value of uranium concentration in drinking water in Aligarh 
city is 13.27 ^g/l (or 0.333 Bq/1). 
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4. Since, the average intake of uranium through drinking water in Aligarh 
(assuming a consumption of 5 litre of water per day) is 0.066 mg per day. 
it is concluded that it does not exceed the maximum permissible limit of 
40 mg per day (Morgan, 1973). 
5. The average uranium concentration in Aligarh is also less than the 
recommended permissible intake of soluble natural uranium by inges-
tion (i.e. 19.86 mg per day; Morgan, 1986) and the limit of concern for 
carcinogenic bioeffects (i.e. 15 ^g/l; Lappenbusch (^"^kiCathem^ l^^^J-
5.5 SUMMARY OF DISCUSSIONS AND CONCLUSIONS 
Following overall conclusions can be derived from the quantitative 
analysis of uranium in water samples collected from various cities in Uttar 
Pradesh (India). 
1. U-content in underground water is higher than those in the surface 
water. 
2. Uranium concentration is found to vary from place to place and from 
source to source (Singh et. al., 1996). 
3. Uranium level in underground water samples is found to vary with the 
depth of bore-hole of water source. The bore-hole for jet and hand 
pumps is less deep than the tube-wells,and generally it is found that the 
samples supplied through tube-wells have lower uranium level than jet 
and hand pumps but higher than the surface waters. 
4. The water samples directly taken from river stream show slightly higher 
value of U-content than the samples collected after their treatment 
through municipal supply of the cities. Therefore cleaning and treat-
ment water of are found to reduce the uranium contents in river water. 
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However the extent of reduction varies from city to city, viz it is more 
effective in Kanpur than in Agra. 
5. The mean values ofU-content in drinking water from Allahabad, Jhansi, 
Kanpur, Ghaziabad, Aligarh and Agra cities are 2.88 ng/1, 3.25 \ig/\, 
5.02 ng/1, 8.16 ng/1,13.27 ng/1 and 16.68 ^g/l respectively. It shows that 
among all the cities the samples of Agra city shows highest value of U-
content (16.68 ^g/l ; Singh et. al., 1996). 
6 Among all the cities studied so far the uranium present in water samples 
from Agra city (16.68 ^g/l or 0.417 Bq/1) is found to have higher value 
than the limit of concern (15 ^g/1 or 0.373 Bq/1) for radiation 
carcinogenesis and kidney damage effects. It is also found that some 
individual samplQfof water from Agra city shows U-content as high as 
double of this limit. Although the observed values are higher than the 
concern limit of carcinogenesis and kidney damage bioeffects, it is 
found to be lower than the permissible intake of soluble natural uranium 
by ingestion i.e. 19.86 mg per day (Singh et. al., 1995, 1996). 
7 Industrial activities like milling of uranium bearing rocks and minerals, 
are also found to enhance the level of U-content in water samples, 
because the industrial waste also leaches out to the underground water. 
8. Table 5.1 shows the U-contents in various water samples from some 
other places reported by several workers. Our results are Well within the 
ranges reported by others. 
5.6 FUTURE PROSPECTS 
It is thus seen that the U-content in water samples varies from source 
to source and place to place. Therefore, a systematic study all over India in 
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needed to evaluate the safe limit of uranium intake in human body through 
drinking water. Since, higher value of U-content causes health problems like 
radiation carcinogenesis, kidney damage and other bioeffects, the study of 
uranium concentration will also be helpful to know the method by which 
uranium level of drinking water can be reduced to the safe limit of uranium 
intake in human body for Indian context. It is also found that the present 
technique of SSNTD is very cheap and equally reliable compared to other 
costly equipments and techniques. But problem with this technique is that it 
requires a lot of time for the analysis especially when total number of tracks 
is to be visually counted and the working laboratory is away from city where 
the nuclear reactor exists. Infact scanning is tedious, because whole area 
scanning within the droplet in 'dry method' is required due to dense 
distribution of tracks near periphery and low track density in the middle 
portion of the droplet. However, if the liquid contains higher uranium than 
30 \ig/\, the 'wet method" can be used and it gives uniform track distribution. 
Only track density determination gives reliable results in the 'wet method'. 
The time factor may be reduced drastically if automatic track counting 
devices like 'Quantimate' are m&de siVd^kble. 
Since the dose equivalent and risk from ingested water having uranium 
concentration of 10 pCi/1 is roughly the same as those from ingested water 
containing a radium concentration of 6 pCi/1 and siiv-fce radium is parent 
nuclide of radon emission which is responsible for radiation carcinogenesis 
and other bioeffects in human body, the values of U-content in water wall also 
be helpful for calculating radiation level due to radon (Cothern et. a l , 1983). 
Although the concentration of uranium in the atmosphere near uranium mine 
can be as high as 200 pCi/m' (EPA, 1975) it is a minor contribution compared 
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to those from food and water. Peoplelivingnear a uranium mineor mill might 
be inhaling or ingesting abnormal amounts of uranium. These people are 
required individual guidance level. Therefore such type of work will help in 
setting standards of radionuclides for human beings. 
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Abstract—This paper describes the results of measurements on the traces of uranium found in 24 water 
samples collected from various (ouroes in four important cities of Uttar Pradesh (India). The sources of 
water samples were municipal taps, private hand pumps, jet pumps and natural rivers, etc. Melinex-O 
plastic sheets of thickness a: 100 microns were used as detectors for the registration of fission tracks 
produced in the "'U (n,0 reactions. In the case of treated drinking water samples collected from taps 
supplied by the water works departments of various cities (basic sources for these samples being tube-wells, 
dams and rivers in different cities as specifically indicated in the paper), the values of uranium 
concentrations were found to Ue between 0.87 ± 0.01 and 11.36 ± OM (ig/l. For the untreated water 
samples collected from private jet pumps and hand pumps, the U-contents were found to vary from 
2.02 ± 0.03 to 9.07 ± 0.10 ng/l- The levels of uranium concentration in untreated river water samples of 
various cities collected directly from the river streams were found to range from 0.92 ± 0.01 to 
S.37 ± 0.06 Mg/I. The average uraniimi intake resulting from the drinking tap waters in these cities has 
also been calculated. They are found to be much less than the maximum permissible limit of 40 mg/day 
in every case reported in this paper. Copyright C 1996 Elsevier Science Ltd 
1. INTRODUCTION 
Uranium is the heaviest naturally occurring element 
present in water in trace quantities. In general, it is 
difficult to directly analyze such small quantities of 
uranium in water by routine chemical means. 
However, the fission track registration technique is 
easier, less expensive and equally accurate compared 
to many other prevalent methods (Fisher. 1975). 
provided one has access to a nuclear reactor 
irradiation facility. 
Uranium is present in almost everything in our 
natural surroundings in varying proportions. For 
example, the average uranium concentration in the 
Earth's crust has been reported to be 4 x 10'*% (or 
4 ppm) by weight (Hursh and Spoor, 1973) while in 
the phosphate rocks its value may be as high as 
1.2 X 10"-% (or 120 ppm) by weight (Rossler er a/., 
1979). Nearly one hundred mineral species possess 
almost 1% (or 10.000 ppm) of uranium by weight, 
while a few ores may contain uranium to the extent 
of 40-60% (or 400,000-600,000 ppm). Uranium from 
these rocks and minerals leaches out and mixes with 
water. Consequently uranimn is found in small 
qtiantities in dissolved and suspended particulate 
forms in water—be it surface water (river water) or 
underground water (i.e. drinking water either from 
tube-wells, jet pumps, hand pimips or taps supplied 
after treatment by water works departments in the 
cities). In the case of surface water, the nin-oflT 
fertilizers from fields also cause changes in its 
uranium contents. 
The presence of uranium in underground and 
surface water is due to its natural occurrence and also 
due to man-made activities like mining and milling of 
uranium rocks, viz. granites, lignites, monazite sands 
and minerals such as uraninite. carnotite and 
pitchblende, etc. that come into contact with flowing 
water during its long mountainous course and 
seepage inside the earth. 
The knowledge of the uranium level is important 
to the whole biotic community of our biosphere. The 
determination of U-content is of considerable interest 
to geologists, oceanographers, nuclear scientists and 
health physicists for various reasons, viz. developing 
new techniques for uranium prospecting in the case 
of river water, searching for a new fuel in sea water 
and collecting information for public health services 
in the case of mineral and tap water. The knowledge 
of uranium levels in water samples is also important 
for environmental studies, viz. ecological changes 
brought about by uranium due to its absorption in 
plants and also for the assessment of its oral toxicity 
and effects on human kidney (Drury ei al., I98I; 
Logett, 1989; Ortega et al., 1989). From the health 
hazard point of view, one is concerned due to the 
radioactive nuclides entering the human body mainly 
To whom all correspondence should be addressed. 
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through food and water, which contain trace 
quantities of uranium. According to an estimate 
(Cothern and Lappenbusch, 1983) food contributes 
about 15"/o of the ingested uranium, while drinking 
water contributes about 85% to the human 
population in the U.S.A. 
Uranium exists in the form of + 2, + 3, + 4, + 5 
and + 6 valance states, the most common being the 
hexavalent state. The hexavalent state is the most 
important in the case of water because almost all the 
tetravalent compounds are practically insoluble. 
After knowing the natural uranium contents one can 
also find the expected uranium alpha activity of the 
samples because from the known relative isotopic 
abundance of ""U, *"U and "*U in natural uranium 
as 99.27,0.728 and 0.002%, respectively, the uranium 
alpha activity due to I \i% of natural uranium will be 
0.67 pCi. 
2. EXPERIMENTAL DETAILS 
Water samples were collected in small plastic 
bottles which were already cleaned with 3M HNO3 
solution and with double distilled water, and were 
also rinsed with the collected water. Melinex-O 
plastic sheets (thickness :^  100 ^m) were cut into 
circular pieces of diameter 1.5 cm. These circular 
pieces coded with certain numbers were used as track 
detectors for the fission track registration. These 
detectors were washed thoroughly with 3M HNOj 
solution and dried in a clean oven. Then a small 
drop of water having known volume 
(K= 0.0067 ±0.00025 ml) was dropped on the 
plastic detector surface with the help of a calibrated 
syringe filled with the desired water sample. The drop 
was dried inside an oven maintained at 80 C. The 
water evaporated leaving the non-volatile residue on 
the plastic detector surface. Another similar plastic 
detector sheet was placed in perfect contact with the 
above plastic containing the residue of the water 
drop, thus making a "sandwich" of the dried drop. 
Three "sandwiches" of dried drop were prepared for 
each water sample. All the sandwiched samples were 
then packed tightly by keeping them one on top of the 
other so as to fit in an aluminium c>'linder of diameter 
2.0 cm and height 5.3 cm. A standard glass dosimeter 
containing 0.77 ppm uranium by weight already 
determined in our laboratory (Kumar and Srivastava, 
1984) was also sealed in a PVC plastic bag and kept 
in the alimiinium cylinder for evaluating the 
integrated neutron flux at the place of irradiation. 
The aluminium cylinder containing all such 
sandwiches and the standard glass neutron dosimeter 
was sent to the Bhabha Atomic Research Centre 
(BARC), Bombay for irradiation with thermal 
neutrons in the APSARA reactor with a time 
integrated neutron flux (or fluence) of the order of 
10" n/cm=. 
All the sandwiches received back after irradiation 
were opened to remove the residue on the detector 
surface by dipping them in HNO, solution again. 
Thereafter the detectors were washed by double 
distilled water and etched for 1 h in a 6N NaOH 
solution maintained at 60 C in a temperature 
controlled water bath having an accuracy ± 0 . r C . 
The etching was followed by thorough washing of the 
detectors in flowing water and finally with distilled 
water and then drying. The droplet area on the 
detector surface was scanned under an optical 
microscope at a magnification of 2S0 X for observing 
the total nimiber of induced fission tracks. 
The standard glass dosimeter was broken to open 
a fresh surface and then etched in 48% HF at 23°C 
for S s. The track density in the thickness of the 
standard glass detector was determined by using the 
same magnification of 250 x . The time integrated 
neutron flux or fluence (in neutron/cm^ was 
determined by using the relation: 
where X = (1.028 ± 0.008) x 10" neutrons/track for 
our glass (Kumar and Srivastava, 1984) and p the 
observed track density (tracks/cm'). The in situ 
neutron fluence in our case was found to be 
4.69 X 10" neutrons/cm' (Singh, 1993). 
The level of U<ontent in water (in wt/vol units) is 
calculated by the following relation given first by 
Fleischer and Lovctt (1968). 
where 
T = total number of fission tracks within the 
droplet area 
M = gram atomic mass of natural uranium 
(238.03 mg/mole) 
V = volume of water drop (0.0067 ml, in our 
case) 
G = geometry factor for the registration of 
fission tracks (G == 1) 
A'A = Avogadro's number (6.02 x 10^ ' molecules/ 
g mole) 
a = thermal fission cross-section for natural 
uranium (4.2 b) 
E - I - {Ki/K)% the etching efficiency factor 
(0.9902 for Melinex-O in our case; Singh, 
1993). 
Using the values of the constants in our case the 
above formula reduces to: 
C. = 3.025 X 1 0 - T (ng/l) 
3. RESULTS AND DISCUSSION 
Table 1 shows the values of uranium concen-
trations in the individual water samples which were 
collected from different sources and locations in 
various cities of Uttar Pradesh (India). It is found 
that U-content in the drinking water samples (from 
taps, hand pumps and jet pumps) varies from 
reservoir to reservoir, tap to tap, hand ptmip to hand 
Tabic 1. 
Sample 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
, 
Uranium content 
Sample 
code No. 
}. 
J. 
K< 
Ad4 
K, 
Ad, 
K, 
G» 
G, 
G, 
G, 
Gj 
Ad, 
K, 
J, 
J. 
JC 
Ad. 
Ad< 
Ad, 
Ad. 
G. 
K, 
K. 
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in some water samples from various source 
Place and source of collection 
A: tap': 
Jal Kal Vibhag. Jhansi 
Pasarat. Jhansi 
Benajhabar Jal Nigam. Kanpur 
Allahabad Univ. campus Allahabad 
Panki Thermal Power Station. Kanpur 
Railway Station. Allahabad 
Indian Institute of Technology. Kanpur 
Railway Station. Ghaziabad 
Ram Nagar. Ghaziabad 
Ramte Ram Road. Ghaziabad 
M.L. Govt. Hospital, Ghaziabad 
Raj Nagar Sector-I. Ghaziabad 
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s and cities as determined by fission track analysis 
Baste source 
dam 
dam 
river 
tube-well 
tube-well 
tube-well 
tube-well 
tube-well 
tube-well 
tube-well 
tube-well 
tube-well 
B: hand pumps + C: jei pumps 
Clock-Tower, Allahabad 
Railway Station, Kanpur 
Pasarat, Jhansi 
Jawahar Chowk. Jhansi 
Panki Temple, Kanpur 
D: rivers 
Baluaghat, Allahabad Yamuna 
Sangam, Allahabad Ganga 
Caughat, Allahabad Yamuna 
Triveni (Sangam). Allahabad 
G.T. Road Bridge, Ghaziabad. Hinden 
Purmattghat. Ganga Kanpur 
Bhainroghat. Kanpur Ganga 
band pumps 
jet pumps 
jet pumps 
hand pumps 
hand pumps 
river stream 
river stream 
river stream 
river stream 
river stream 
river stream 
river stream 
Total No. 
of tracks 
2883 
3633 
8446 
9311 
12,121 
12,530 
13,230 
13,992 
19,354 
26,909 
37,070 
37,544 
6679 
10,941 
15.150 
21.329 
29.976 
3053 
4908 
5274 
7693 
10.039 
15.111 
17.737 
U-concentration 
(in pg/1) 
0.87 ± 0.01 
1.10 ±0.02 
2.56 ± 0.03 
2.82 -(-0.10 
3.67 ±0.11 
3.79 ±0.18 
4.00 ±0.15 
4.23 ± 0.27 
5.86 ±0.12 
8.14 ±0.14 
11.22 ±0.23 
11.36 ±0.34 
2.02 ± 0.03 
3.31 ± 0.08 
4.58 ± 0.06 
6.45 ±0.19 
9.07 ±0.10 
0.92 ± 0.01 
1.48 ± 0.06 
1.60 ±0.05 
2.33 ±0.12 
3.04 -1- 0.05 
4.57 ± 0.06 
5.37 ± 0.04 
The errors shown are the counting errors evaluated from standard deviation values {a, 
sample. 
,) of three sandwiches (six surfaces) for each 
pump, jet pump to jet pump etc. The tap water 
samples from Ghaziabad city (coded as G, to G )^ 
show higher uranium content compared to those 
from Kanpur, Allahabad and Jhansi (coded respect-
ively as K, to K,. Ad, to Ad, and J, to J,). This 
indicates that the uranium concentration in drinking 
water samples varies widely depending on the type 
and site of the source (Fig. 1). 
From Tables 1 and 2, it is seen that in the case of 
lap water supplied by the water works departments 
of the various cities, the value of uranium 
concentration varies from 0.87 to 11.36 ^g/1 with a 
mean value of 4.97 ng/1. Considering the basic source 
of jet pumps and hand pumps are the same (because 
the depths of their boreholes are not too different 
from each other), the values of U-content for this 
category of untreated water samples vary from 2.02 
to 9.07 Mg/l with a mean value of 5.09 jig/l. In the 
case of river water samples of the various cities 
collected directly from the river streams, the levels of 
uranium concentration are found to vary from 0.92 
to 4.57 ng/l with a mean value of 2.76 ng/1. 
Uranium level in water samples collected from various sources 
n.36 
n Taps 
— y/A Hand pumps -f jet pumps 
-2 8 
5.86 
2.56 
3.67 
2.82 1 ! 
3.79i0liS 
0.87 1.1 
• i 
:• 
8.14 
" 
, ,, 
;i .-
c 
\A m. 
ii 11 If 
22 
. 
t,-
M 
1 *  
2.02 
J4 J3 K5 Ad4 K3 Ad7 K2 G6 G3 Gl OS C2 Adl Kl J2 Jl K4 
Water sample code No . ( s ) 
Rg. 1 
5.37 
0.92 
1.48 '-6 
Ad2 Ad5 Ad3Ad6 G4 G7 K6 
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Tabic - Thi- ranpo of uranium content'* and their mean value in water samplc> from three different kinds of sourceN 
Sample 
No. Source 
Ranpe of I i-cnnlcnt 
(in /ig li 
laps (treated water) 
hand pumps plus jet pumps (untreated water) 
rivers (untreated water) 
0.87 II..V. 
2.02-9.07 
0.92-5.37 
Mean value of U-content* 
(in //gi) 
4.97 (12) 
5.09 (5) 
2.76 (7) 
* The figures within parentheses indicate the number of samples. 
From Table 2, it is clear that the underground 
water samples, whether treated or untreated, show a 
higher value of U-content than surface water. The 
U-content in underground water also varies accord-
ing to the depth of water source inside the earth. The 
underground water samples from tube-wells, which 
generally have boreholes of greater depth (127-
300 ft), show a smaller value of U-content than those 
from jet pimips and hand pumps for which the 
borehole depths are from 60 to 128 ft. This trend in 
U-content may be due to the leaching action which 
tends to decrease with the depth of source inside the 
earth. A similar trend of decrease of uranium 
concentration in soil with depth has been reported by 
Narayana el al. (1994). 
Since the basic source of hand pumps and jet 
pumps is same (i.e. the shells above the water table), 
the average value of U-content for this source tends 
to be 5.09 t»g/l. The average value of uranium alpha 
activity for these water samples tends to be 
3.41 pCi/l. Similarly the average a-activity in the river 
water samples is 1.85 pCi/1. The average intake of 
uranium in the human body through the consump-
tion of untreated water from private jet pumps and 
hand pumps tends to be 0.026 mg/day on the 
assumption that 5 1. of water per day are consumed 
by an average person. 
Below we compare our results with the values of 
U-contetil in water samples of other places reported 
in the literature. 
The U.S. tap water samples contain 0.11-640 ng/l 
of uranium (Edgington, 1965), U.S. underground 
water samples contain 0.029-1948.9 ng/l (Drury 
et al.. 1981) and U.S. drinking water samples contain 
0.0269-6.99 ^g/l (Cothern and Lappenbusch, 1983). 
In India Guwahati water samples contain 0.08-
5.32 ^g/l (Talukdar et al., 1983) and domestic Indian 
water samples contain 0.6-19.2 ^g/l (Bansal et al., 
1988). This comparison shows that our results are 
well within the range of reported results for other 
places. 
4. CONCLUSION 
It is concluded that the U-content in water varies 
from source to source (i.e. taps, hand pumps, jet 
pumps, rivers, etc.) and place to place. The tap water 
samples from Ghaziabad contain more uranium than 
those from Kanpur, Allahabad and Jhansi (Table 1). 
Since the overall average intake of uranium into the 
human body through tap and jet pump plus hand 
pump water samples (on the assumption that 5 1. of 
water are consumed per day per person) comes to be 
0.025 and 0.026 mg/day, respectively, it is concluded 
that the uranium intake through drinking water 
samples from all these sources is much lower than the 
maximum permissible intake of 40 mg/day (Morgan, 
1973). From Table 2. it is also concluded that the 
untreated water samples from river streams have a 
lower average value of U-content than those from 
other sources. The average value of U-content for the 
case of tap water samples, is also found to be smaller 
than those either from hand pumps or jet pumps. 
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Abstract—This paper presents the experimental calibration of LR-I IS type 11 plastic track detectors for 
monitoring environmental radon. The detectors were calibrated using a standard radon chamber and 
simulating the environmental conditions as nonnally found in dwellings. The value of the calibration factor 
was found to be 625 tracks cm"* d' ' per WL in the BARE mode and 0.116 tracks cm'^ d"' per Bq m*' for 
cup with membrane mode. Results of measurements of radon and its daughters in Bijnor (India) are also 
presented. 
INTRODUCTION 
The monitoring of indoor radon levels has acquired great importance from the public health point 
of view since the early 1980s. During this period the data on high indoor radon levels reported from 
Sweden and Canada gave alerting signals of carcinogenic effects leading to lung cancer. National 
surveys of indoor radon levels started in many countries (Abu-Jarad and Al-Jarallah, 1984; Cohen, 
1986; Tymen el ai, 1986; Wattanikom et al., 1988; Sohrabi and Solymanian, 1988; Torri el al., 1988; 
Tufail et al., 1988; Rannou, 1989; Subba Ramu et al., 1991) soon after the incidental discovery, in 
December 1984, of the Watras' house (Lowder. 1989) in eastern Pennsylvania with radon 
concentrations in the region of 100,000Bq m~'. Such surveys arc essential to understand and to 
better estimate the risk to human health from radon exposure to sensitive lung tissues (Sevc et al., 
1976; Ramachandran et al., 1988; Lowder, 1989). In India also, a few groups are engaged in indoor 
radon measurements (Khan et al., 1988; Singh, 1989; Subba Ramu et al., 1991). 
The a-sensitive plastic track detectors provide a very useful, and less expensive, method for 
integrated radon measurements (Frank and Benton, 1977; Fleischer et al., 1980). Generally, two 
plastic track detectors have been used for this purpose (i) the CR-39 detectors (manufactured by 
Pershore Mouldings Ltd., U.K.) and the LR-115 detectors (manufactured by Kodak Pathe, France 
and marketed by Dosirad, France). 
The CR-39 plastic is more sensitive and records a-particles from almost zero energy to 60 MeV. 
Because of the extreme sensitivity to a-particles of all energies, this plastic has been extensively 
employed for radon measurements during the past fifteen years. 
However, it has recently been realized that the extreme sensitivity of CR-39 plastic causes 
problems. It accumulates a much larger number of background tracks during its shelf-life, even 
when protected by a thin film of plastic on its surface. The signal to background ratio is very low, 
especially in old CR-39 plastics. The CR-39 plastic is also sensitive to recording the 'self plating' 
* Author for correspondence. 
SB t/s-N 487 
48S D. S Sri\.i--l.i\.i <7 al 
radon daughters (^ '"Po and '^^ Po) which settle on the detector surface along with the aerosols to 
which they become attached in ambient air. Alpha-particle tracks recorded due to the "self plate-out 
effect" give spurious track counts and too high results. 
Some workers (Khan et al., 1988) have tried to reduce this defect by not counting the small tracks, 
but this method is subjective and depends upon the etching time and counting criteria employed. 
Moreover, the etching of CR-39 requires 6- lOh at 70 C in 6N NaOH solution. This is also quite 
cumbersome when several detectors are to be etched, unless one uses a large etching tank for 
simultaneous etching of a large number of plastic detectors. Due to these and many other reasons, 
such as non-uniformity of etching characteristics in different parts of the same sheet and in different 
batches etc. the use of CR-39 for environmental radon measurements is not advisable, particularly 
in those cases where accuracy of the quantitative results is particularly important. 
The LR-115 type II plastic, on the other hand, is free from these problems. Since it consists of a 
12-13 nm thick o-sensitive layer of red-dyed cellulose nitrate plastic deposited on a lOOfon thick 
non-etchable polyester base, it exhibits (Somogyi, 1986) an energy window (1.9-4.2 MeV) for 
revealing tracks of a-particles as "through etched holes". All a-particles having energies between 
these two limits and entering the plastic at an angle greater than 40 ± 5° measured with the detector 
surface, produce 'through etched holes" when etched for 2h in 2.5 N NaOH at 60°C. This etching 
reduces the thickness from 12-13/im to 5-6/xm and records o-particles with 100% efficiency 
(Somogyi, 1986). The LR-115 type II plastic is free from the 'self plate-out' effect as it does not 
record tracks due to self-plating daughters, which emit a-particles of 6.00 MeV (^"Po) and 
7.69 MeV (^'*Po). The etching time for LR-115 type II is only 2h and the tracks arc seen as 
bright circular holes against a red background which are easily countable at a magnification of 
> lOOx. The use of a green filter improves the field of view. Moreover, the 5-6/im residual 
thickness of this plastic can be stripped and track counting can be done within seconds using a spark 
counter (Somogyi et al., 1978). All these advantages make the LR-115 type II plastic more 
favourable for environmental radon measurements compared to the CR-39 plastic. 
The radon concentration, C, measured by an o-sensitive plastic detector is related to the track 
density p and the time of exposure / by the formula (Abu-Jarad el al., 1980): 
p=K-C-t 
where K is the sensitivity factor with a value which depends on the configuration of the detector, viz-
a-viz its surroundings, and also on the etching conditions used. Although the value of K can be 
calculated for different geometries (Fleischer et al.. 1980), the calculation is not very straight 
forward, except in the case of "BARE" detector mode (Abu-Jarad et al., 1980). It is always 
preferable to use the calibrated value of K obtained from laboratory calibration experiments using a 
standard radon chamber. 
Several workers (Rannou, 1989; Singh et al.. 1986; Cherouti et al., 1988; Subba Ramu etal., 1988; 
Tommasino, 1989; Osborne, 1989; Ramachandran et al., 1990; Jojo, 1993) have caUbrated the 
LR-115 type II plastic for their cases (see Table 4). It can be seen that different calibration constants 
have been obtained by different workers, even for the simplest 'BARE" mode of the detector. The 
reason for this variation may be due to the fact that they used plastic from different batches and also 
employed different etching times, although all used 2.5 N NaOH solution at 60 C. It is, tlKrefore, 
necessary to calibrate an identified plastic of a particular batch using a standard source and then to 
calibrate successive batches of the LR-115 plastic, at least by inter-calibration with the earUer one. 
This paper describes the results of calibrating our newly-imported LR-115 type II plastic 
(manufacturing date Feb., 1993) using the standard radon chamber developed in the Environmental 
Assessment Division of the Bhabha Atomic Research Center, Bombay, India. The measured values 
of potential o-particle energy concentration (mWL), radon concentration (Bq m" )^ in 20 houses in 
Bijnor city, India are also reported. The effective dose-equivalent received by the lungs of the 
occupants have also been calculated using a conversion factor of 9mSV/WLM (ICRP-50) and 
assuming an occupancy factor of 0.67. 
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Figure 1 shows a schematic diagram of the system used for cahbrating the track detectors. It 
consists of an exposure chamber, an aerosol generator, a radon gas source, conventional filter paper 
sampler, radon gas collection chamber and an o-particle counting unit. 
The exposure chamber is a wooden box of 0.5 m' capacity with two inlet and oullel ports and a 
viewing glass panel. There is an airtight window for introducing the detectors inside the chamber. 
Filtered air, aerosols and radon are introduced into the chamber through inlet ports. The residue 
from any earlier experiment in the chamber is discharged outside the laboratory using an outlet 
tube. For maintaining uniformity inside the chamber a small fan is incorporated. 
The exposure chamber has the following features: 
(i) Well-characterized environment with respect to daughter equilibrium, aerosol size, concen-
tration and humidity. 
(ii) Accurately known radon concentration (Bq m~') and radon daughter concentration (WL). 
(iii) Continuous radon and WL monitoring instrumentation. 
(iv) Uniformity of radon concentration within an exposure chamber which permits the simulta-
neous exposure of various detector configurations. 
The aerosol generator is of the La Mer-Sinclair type condensation aerosol generator (Subba 
Ramu, 1978) which gives a laminar flow of mono-disperse aerosols of di-2-ethylehexylesebacate 
condensed on NaCl nuclei. Mono-disperse aerosols of 0.2 fan aerodynamic size were obtained by 
setting the temperature of the re-heater and the boiler. The value of 0.2/xm size was chosen because 
the activity median aerodynamic diameter (AM AD) value for indoor radon daughters is estimated 
to be 0.2 /xm (Muraleedharan et al., 1986). A concentration of a few thousand particles per cm^ was 
maintained in these experiments. The small fan inside the chamber maintains a uniform concentra-
tion of aerosols, radon and daughters. For aerosols of 0.2 //m used in the experiment the difiusional 
and deposition losses were minimal. The concentration of aerosol was measured by a small particle 
counter (Rich, 1955). 
f 
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h Fan 
Radon daughter 
aerosol chamber 
Fig. 1. Schematic diagram of the apparatus used for the caHbration. 1, Stirrer; 2, temperature controls; 
3, thermosuts; 4, platinum wire; 5, nitrogen from CYL-1; 6, nitrogen from CYL-2; 7, filter; 8, radon source; 
9. aerosol free air; 10, air-tight window; 11, BAREdetector; 12, detector inside cup; 13, BARE on cup; 
14, membrane; 15, iirtet port; 16, outlet port. 
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The radon source was a solution of 1.85 x lO'' Bq activity of Ra-226 (in the form of radium nitratic) 
in 150ml of 1.0 N HNO, kept in a flask. Radon emanating from the solution was carried into the 
chamber through an inlet port by blowing nitrogen above the solution surface. Depending on the 
flow duration, a specific concentration of radon could be obtained along with the carrier gas flowing 
at a rate of 1 L/min. 
During the course of the experiment the concentration of radon and its daughters was constantly 
monitored. The individual daughter activity levels were estimated by collecting airborne particles on 
a millipore filter paper (type AA) having a diameter of 2.5 cm and a pore size of 0.8/irti. A known 
volume of air from the chamber was sucked in using a vacuum pump at a rate of 10 L/min for 5 min. 
Measurements of a-particle activity on the filter paper were made using a ZnS (Ag) counter. The a-
particle activity levels of the daughter, the concentration of radon and the equilibrium factor were 
estimated by the a-particle counts with the help of a computer programme (Rangarajan and Datta, 
1976) based on the weighted least squares method considering all the radioactive decay at different 
times. 
The radon concentration was estimated using the relation: 
CR„ = RaA(AA + K)/AA 
where Ra A is the computed Ra A (Bq m"'),^ AA is the decay constant of Ra A and V is the 
ventilation rate (h~'). 
The ventilation rate is computed by the relation: 
K = (1 - RaB/RaA) X AB/(RaB/RaA) 
where Ra A and Ra B are the estimated daughter concentrations in Bq m~^ and AB is the decay 
constant of Ra B in min"'. 
The WL concentration was estimated using the relation: 
CwL = 2.78x 10-^(RaA) + 1.37x lO'^CRaB) + 1.01 x 10-''(RaC) 
where Ra A, Ra B and Ra C are the concentrations of radon daughters in Bq m~ .^ 
Procedure 
LR-115 type 11 plastic track detectors were prepared in three configurations, viz: 
(i) 'BARE' on card, 
(ii) 'BARE'on cup. 
(iii) Detector inside the cup with membrane. 
The (i) and (ii) configurations are used for measuring the potential Q-particle energy concentra-
tion (PAEC) in WL in the environment. The (iii) configuration is the 'radon only' device for 
measuring the radon concentration in Bq m"^ Using (ii) and (iii) together one can find the 
'equilibrium fa^or' from the relation: 
_ 3700 X CwL 
where CR„ is the radon concentration in Bq m"'. 
In the BARE on card mode a piece (2.5 x 2.5 cm) of the LR-115 type II plastic track detector was 
fixed on a thick card and in the BARE on cup mode the detector was fixed on the outer slanted 
surface of the cup having an upper dia. of 7 cm, lower dia. 5.5 cm and height 7 cm. The detectors 
inside the chamber were exposed in such a way that there was nothing to obstruct the detectors 
within a hemispherical volume of radius 9.1 cm in front of them. In the cup with membrane mode 
the detector was fixed on the bottom within the cup. The mouth of the cup was covered with a semi-
permeable latex membrane. The membrane does not permit the solid daughter products of radon to 
pass through it and partly reduces the rate of diffusion of radon gas itself. It has been reported that 
66% of radon penetrates, but thoron does not enter the cup (Jojo, 1993). 
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The residual radon and its daughter products, left from an earlier experiment, were flushed out by 
using a vacuum pump and pouring in the fresh air. Aerosols of size 0.2 //m were introduced into the 
chamber. The aerosol concentration of 2.7x10" aerosols/cm' was maintained throughout the 
experiment. For each set of exposures this aerosol concentration was slightly different. Radon gas 
was pumped into the chamber using nitrogen as carrier gas. Nitrogen was passed over the surface of 
the flask containing radium solution at a rate of 1 L/min for a known period of time which was 
determined by the quantity of radon required in the exposure chamber. The LR-115 detectors were 
introduced inside the exposure chamber in all three modes. The detectors were exposed for a period 
ranging from a few hours to a few days, depending on the radon concentration, so that a statistically 
acceptable number of tracks could be obtained on the detectors. Different air filter samples from the 
exposure chamber were taken at regular intervals for calculating the PAEC (WL) levels and radon 
concentrations in Bq m"'. The aerosol concentration was also monitored during the experiment. 
The exposed detectors were etched in 2.5 N NaOH solution at 60± TC for 120min. ITie v ;hed 
detectors were counted using an optical microscope at a magnification of 100 x a., i the track 
density (tracks cm" )^ was calculated using a calibrated square marked graticule. 
RESULTS AND DISCUSSION 
Table 1 gives the PAEC levels of radon daughters in WL and track production rate (tracks cm"^  
d~') along with the calibration factor (tracks cm"^  d"'/WL) for BARE on card mode. The PAEC 
(WL) is seen to vary from 0.057 to 0.374 WL and the track production rate from 45 to 185T cm"^  
d"'. It is seen that the average calibration factor for LR-115 type II plastic in the BARE on card 
mode reaches 625 T cm~^  d"' /WL with a relative SD of 18%. Figure 2 shows the linear relationship 
between the track production rate and PAEC (WL). 
Table 1. Calibration factor for BARE on card mode 
S no. 
1 
2 
3 
4 
5 
6 
7 
Exposure time 
(h) 
49.4 
71.0 
70.3 
46.0 
69.5 
39.5 
23.3 
Arithmetic mean, 625. 
SD, 113. 
Relative SD, 18%. 
PAEC level 
(WL) 
0.057 
0.059 
0.115 
0.141 
0.199 
0.331 
0.374 
Track production rate 
(T cm"' d"') 
45 
46 
70 • 
83 
124 
161 
185 
Calibration factor 
(Tcm'-d-'/WL) 
790 
780 
609 
589 
623 
486 
495 
Table 2. Calibration factor for cup with membrane 
Sno. 
Exposure time 
(h) 
Radon cone. 
(Bq m-') 
Track production 
(Tcm--d"') 
24 
39 
43 
76 
95 
205 
250 
rate Calibration factor 
(Tcm' -' d-'/Bq m-') 
0.119 
0.126 
0.095 
0.123 
0.097 
0.124 
0.126 
1 71.0 
2 49.4 
3 70.3 
4 46.0 
5 69.5 
6 39.5 
7 23.3 
Arithmetic mean, 0.116. 
SD, 0.013. 
Relative SD, 11%. 
200.95 
308.83 
452.13 
615.64 
977.40 
1653.79 
1981.37 
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3. Calibration curve of LR-1 IS type II detector in cup with membrane mode. 
-2 A-U Table 2 shows the radon concentration in Bq m" and the track production rate (T cm" d~ ) 
along with the calibration factor for 'cup with membrane' mode. The radon concentration in 
this case varies from 200.95 to 1981.37 Bq m~^  whereas the track production rate varies from 24 to 
250T cm"^  d"'. The average value of the calibration factor for this mode is 0.116T cm"^  d"'/ 
Bq m"^  with a relative standard deviation of 11%. Figure 3 represents the linear relationship 
between the track production rate and the concentration of radon in Bq m~^  for this case. 
Table 3 gives the PAEC (WL), track production rate and the calibration factor for 'BARE' on 
cup mode. The arithmetic mean of the calibration factor in this case is 570 Tcm"^ d~' per WL with a 
Table 3. Calibration factor for BARE on cup mode 
Sno. 
Exposure time 
(h) 
PAEC level 
(WL) 
Track production rate 
(Tcm-^d"') 
Calibration factor 
(Tcm-^  d-'/WL) 
1 
2 
3 
4 
S 
6 
7 
Arithmetic mean, S70 
SD, 
Rels 
121. 
tiveSD,21%. 
49.4 
71.0 
70.3 
46.0 
69.5 
39.5 
23.3 
0.057 
0.059 
o.ns 
0.141 
0.199 
0.331 
0.374 
40 
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68 
74 
113 
135 
162 
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763 
591 
525 
568 
408 
433 
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Fig. 4. Calibration curve of LR-115 type 11 detector in BARE on cup mode. 
Table 4. Comparison of calibration factor (For LR-115 Type II, etched in 2.5N. NaOH at eCC) 
Sno. 
I 
2 
3 
4 
5 
6 
7 
8 
9 
Etching time 
(min) 
110 
135 
110 
130 
NA 
120 
100 
90 
120 
System used 
Spark counter 
Spark counter 
Spark counter 
Optical microscope 
Optical microscope 
Optical microscope 
Optical microscope 
Optical microscope 
Optical microscope 
Calibration factor 
T c m - ' d ' 
(Bqm-') 
0.048 
0.031 
0.024 
0.096 
0.029 
0.028 
0.028 
0.038 
0.116 
Tcm'-d"' 
WL 
— 
— 
— 
— 
— 
480 
490 
442 
625 
Reference 
Tommasino, 1989 
Rannou, 1989 
Osborne, 1989 
Cherouati, 1988 
Singh, 1986 
Subba Ramu, 1988 
Ramachandran, 1990 
Jojo. 1993 
Present value 
relative standard deviation of 21%. Figure 4 shows the relationship between the track production 
rate and the PAEC (WL). 
Using the BARE on card mode, measurements were made for indoor radon levels in living and 
drawing rooms of 20 houses in different localities of Bijnor city during August-October, 1993. The 
results are shown in Table 5. It is seen from this table that the PAEC varies from 4.62 to 8.69 mWL 
with a geometric mean value of 6.34mWL while the radon concentration varies from 39.75 to 74.77 
Bqm"^ with a geometric mean value of 54.52 Bqm"^. These values of radon concentration are 
much less than values which give rise to concern i.e. 150Bq m~' (McLaughlin, 1989) aiid no 
intervention is required. The intervention, or action level as recommended by ICRP-65 is 
200Bqm"\ 
CONCLUSIONS 
From the calibration experiment the following conclusions can be made: 
(i) The PAEC (WL) and radon concentrations used in the experiment are more tb-n those 
normally found in the environment, except in some mines. However, the calih r 
show that the relation is linear and hence the calibration graph can be extra 
used for smaller concentrations. However, it is essential to expose the d ^ ^^  
time (2-3 months) so that a statistically significant number of tr»- ^^ 
Further, a large area of the exposed detector should be counterf 
n results 
' " 1 also 
nger 
'ned. 
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Tabic S. Concentration of radon and its daughter products in difierent localities of Bijnor, India 
Locality 
Qazi Para 
Mirdghan 
Chasherin 
Main Bazar 
Geometric mean 
SD 
Relative SD 
Detector code 
Bl 
B2 
B3 
B4 
BS 
B6 
B7 
B8 
B9 
BIO 
BU 
B12 
Bt3 
B14 
BIS 
BI6 
B17 
BIS 
B19 
B20 
Track production rate 
(Tcm-^d-') 
4.31 
5.32 
3.35 
4.11 
4.51 
2.89 
3.85 
3.52 
4.20 
3.56 
5.43 
3.91 
3.29 
3.75 
4.31 
4.92 
5.25 
2.97 
3.84 
3.39; 
PAEC 
(mWL) 
6.90 
8.51 
5.36 
6.58 
7.22 
4.62 
6.16 
5.63 
6.72 
5.70 
8.69 
6.26 
5.26 
6.00 
6.61 
7.87 
8.40 
4.75 
6.14 
5.42 
6.34 
1.20 
19% 
Cone, of radon 
(Bqm-') 
59.37 
73.23 
46.12 
56.62 
62.13 
39.75 
53.00 
48.44 
57.82 
49.05 
74.77 
53.87 
45.26 
51.63 
56.88 
67.72 
72.28 
40.87 
52.83 
46.64 
54.52 
10.36 
19V. 
Effective doK^ui. 
(mSv/yr) 
2.14 
2.64 
1.67 
2.04 
2.24 
1.44 
1.91 
1.75 
2.09 
1.77 
2.70 
1.95 
1.63 
1.86 
2.05 
2.45 
2.61 
1.48 
t.91 
1.68 
1.97 . 
0.37 
19% 
(ii) The calibration factor for a BARE detector on card is found to be 625 T cm~^ d~' /WL with a 
relative SD of 18%. The calibration factor for a BARE detector on cup is 570 T cm~^ d~'/ 
WL with a relative SD of 21%. These two values are very close and within one SD. 
(iii) The calibration factor for a detector inside a cup with a membrane is found to be 0.116 T 
cm~^  d"' per (Bq m"') for radon only with a relative standard deviation of 11%. 
(iv) It is seen that the values of calibration factor for a LR-115 detector are slightly more than 
those reported by Ramachandran et al. (1980). This difference may be due to use of a 
different manufacturing batch and also due to differences in etching conditions. Hence, it is 
desirable to have detectors from each batch calibrated before using them for environmental 
radon measurements. 
(v) The values of radon concentrations in typical ground floor rooms of Bijnor city are much less 
than those levels causing concern (150 Bq m"'). 
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The sandwiched pellet technique using 
Makrofol-E plastic track detectors has 
been employed to determine traqe quan-
tities of uranium in nine brands of 
flavored chewing tobaccos consumed by 
the Indian population. In this tech-
nique the nuclear reaction, 235u(n,f), 
is used for the quantitative estimation 
of uranium. The maximum value of uranium 
(1.88 ppm) has been found in raw tobacco 
leaves (Surti), while the minimum (0.13 
ppm) in Tulsi (Double Zero brand). Other 
seven brands showed intermediate values 
of U-contents which are also reported in 
this paper. These values are compared 
with the U-contents reported in the lite-
rature for other forms of tobaccos. 
INTRODUCTION 
Uranium is a ubiquitous element in nature. It is also 
found in trace quantity in all the material^ we use or 
eat. since uranium is a radioactive, toxic element, its 
•Author for correspondence. 
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presence in edible materials or foodstuffs consumed by 
humans may affect the human health. 
As part of an ongoing project on uranium assessment 
in solids using SSNTD technique ~ , we endeavor to find 
uranium contents of chewing tobaccos used by Indians. 
The habit of chewing tobaccos is in vogue in the Indian 
subcontinent and other South-Asian countries. These days, 
many different brands of flavored tobaccos have flooded 
the market in attractive and shining packages, with the 
name of 'Gutkha' or 'Zarda', bearing different numbers, 
indicating their 'kicking power'. Unfortunately, young 
men and boys consume these tobaccos regularly, out of 
fashion without bothering about their harmful effects. 
In fact, it is a direct source of intake of radioactiv-
ity to the inner organs of the human body. The a-radio-
activity of the tobacco produces damaging effects to 
tissues in the mouth, throat and the bladder, sometimes 
leading to carcinogenic effects. A knowledge of the ura-
nium content of tobaccos will be useful in estimating 
these harmful effects at least qualitatively. 
EXPERIMENTAL 
Nine different popular brands of chewing tobaccos 
(Table 1) were purchased from the local market. These 
tobacco leaves were completely dried under an infrared 
lamp, ground and sieved through 100 mesh separately. 
Equal amounts (150 mg) of each sample powder were mixed 
thoroughly with 150 mg of methyl cellulose, which served 
as a uranium-free binding agent for making pellets. This 
mixture was transformed into pellets of 1.3 cm diameter 
and 2 mm thickness, using a hand-pressed pellet making 
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TABI4E 1 
Uranium content of various brands of Indian chewing 
tobaccos commercially available in India 
S. No. 
1 . 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Tobacco brand, 
Name/No. 
Tulsi (00) 
Tulsi (000) 
Ratna Chhap (64) 
Baba (160) 
Rashmi Zarda (95) 
Baba (120) 
Ratna Chhap (300) 
Kapoori 
Surti 
Average track 
density, 
track cm~^ 
4333 
6056 
6692 
8353 
8844 
11175 
14036 
43647 
62802 
U-content, 
ppm 
0.13±0.08 
0.18±0.04 
0.20±0.03 
0.25+0.06 
0.26±0.13 
0.33±0.20 
0.42±0.10 
1.30±0.70 
1.88±0.76 
machine. A similar method was adopted for making pel-
lets of a standard glass containing 0.77 ppm of uranium 
by weight , which served as standard for the relative 
method. 
Makrofol-E plastic (manufactured by Bayer A.G. Lever-
kusen, Germany) was used as track detector for fission 
fragments. This plastic was cut into circular pieces of 
1.3 cm diameter, coded with certain numbers, and washed 
with 3M HNO^ solution for removing surface contamination 
of the detectors. The pellets of different tobacco 
samples and the standard glass were sandwiched in be-
tween two such pieces of plastic track detectors. The 
sandwiched samples were kept one over the other in an 
aluminium container (length 5.3 cm and diameter 1.5 cm). 
This tight assembly was sent for thermal neutron irradi-
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ation in the APSARA reactor at Bhabha Atomic Research 
Centre, Bombay (India) by a thermal neutron fluence of 
about 5.4x10^^ cm"^. 
After irradiation, the detectors were separated from 
the samples and etched in 6N NaOH solution at 60 °C for 
60 min, for revealing the tracks of fission fragments. 
Thereafter, the detector pieces were washed in running 
water and dried under an infrared lamp. The etched 
tracks of fission fragments produced in the U(n,f) re-
action were observed and counted using an Olympus (Ja-
pan) binocular research miciroscope fitted with a cali-
brated square marked graticule covering a field area of 
-4 2 9x10 cm at a magnification of 280X. 
The uranium content was calculated from the expres-
. 6 
sion : 
"x = "s • ^ s/^x • \ / \ • Px/Ps 
where x and s stand for unknown and the standard; U, I, 
p and R stand for uranium concentration, isotopic abun-
dance ratio of '^^ U^/^ '^ U^, track density and range of fis-
sion fragments. 
The value of I /I is unity, which is a very reason-
able assumption. The factor R„/R„ which has been calcu-
lated by us to be 1.23 from the R /R versus Z plot . 
7-8 ^ ^ 
Earlier workers have taken this factor also to be 
equal to 1. The negligence of this factor may, however, 
cause significant errors in the determination of trace 
quantities of uranium when unknown and known samples are 
appreciably different from each other in their atomic 
numbers. In our case, the known standard was glass (av-
erage Z = 14) and the unknown was tobacco (average 
Z = 6) . 
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RESULTS AND DISCUSSION 
The observed track density data and U-contents of the 
respective tobaccos are shown in Table 1. These results 
are also depicted in the bar diagram in Fig. 1. 
The average track density from two surfaces of tobacco 
_2 
pellets were found to lie between 4,533 tracks cm for 
-2 
the Tulsi brand (No. Double Zero) and 62,802 tracks cm 
for the raw tobacco leaves (Surti). For the standard 
glass pellet, the average track density was 31,689 tracks 
-2 
cm m our case. Here it must be mentioned that a few 
fields which showed many clusters (not countable) were 
completely ignored and therefore the actual U-contents 
may be even higher than those reported by us here. 
The different brands under study are seen to have 
U-contents lying between 0.13 ppm and 1.88 ppm. The mini-
mum value is found for the Tulsi brand (No. Double Zero), 
while the maximum for the raw tobacco leaves (Surti). 
Although no reports are known to us for U-contents of 
chewing tobaccos, the U-content of tobaccos from dif-
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2. U-content of tobaccos from various sources 
ferent sources such as cigarette (0.037-0.120 ppm), 
Snuff (7.4-19.1 ppm), Bidi tobacco (0.13-0.23 ppm) and 
Chhutta (0.16-0.37 ppm) have been reported by certain 
9 
workers . 
The minimum and maximum reported U-contents in tobac-
cos from different sources, including the present re-
sults, are displayed in Fig. 2. It is seen that the chew-
ing tobaccos have maximum uranium contents and therefore 
are most dangerous from the point of view of causing 
carcinogenic effects inside the mouth, gums, throat, 
etc. 
The authors express their thanks to the Department 
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